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ABSTRACT

This report presents the results of a regional study of

~thermal and non-thermal ground water flow systems In the

thrust zone of southern Idaho and western Wyoming. Theb
study Involved hydrogeologlc and hydrochemical data
collection and Inferprefaflon. Particular emphasis was
placed on analyzing the role that thrust zones play In
controliing the movement of thermal and non-thermal flulds.

The geology of the area 1Is complex; thrust faulting,

normal faulting and tear faulting are all Important In
controlling water movement +through the +thick sequence of
mostly sedimentary strata. The thrust faults are not

believed to create zones of elther significantly higher or
lower hydraullc conductivity. The most Important hydrologic
Impact of thrust faulting Is probably the alteration of the
normal stratigraphic sequence of formations. Thrust zones
are ldentifled in deep drilling logs primarily by a repeat
of sectlion.

The total discharge of thermal waters within the study
area Is qulte small. Discharge of 30°C or more amount +to
approximately 500 1/s. Most thermal and non-thermal
discharges are confrolled by structural features wlth
secondary control by stratigraphy. Graben bounding faults

are most Important in controlling thermal flow systems.
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Graphlc and statistical analyses of the major-ion data

enabled the dellneatlion of several statistical distinct

.water types whlch are assoclated with geographlcally

distinct areas. These are: (a) sodium chloride waters of
the Swan Valley to Ster Valley graben, (b) calclium
bicarbonate waters. of the Meade Peak thrust biock and
adjacent areas, (c) sodium chloride waters of the Maple

Grove area, (d) high sodium chioride waters of the Basin and
Range province, and (e) low TDS waters from various locales
throughout the study area.

Deuterium and oxygen-18 results indicate that, with +the
exception of sltes $-13 and S-14, aqulifer temperatures are
not significantly above 80°C In the study area; also, that
differences In recharge elevatlon are not apparent.

Carbon Isotope analyses Indicate that the thermal waters
of the study area which were analyzed for 14C have ﬁndergone
contact times In excess of 25,000 years B.P. for +those
springs whose temperatures are greater than 25°C. The
extremely low concentrations of modern carbon in the +thermal
waters above 25°C indicate that essentlally no mixling of

waters younger than several thousand years has occurred.
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CHAPTER 1

INTRODUCT ION

Statement of the Problem

The thrust zone of southeastern ldaho and western
Wyoming has potential for geothermal development to
compliment oll and gas and phosphate resources. Evidence of
the geothermal resource Includes warm springs, warm water
from shallow wells and reports of hot water at depth In oll
and gas test holes. The geology of the area Is complex;
thrust faulting, normal faulting and tear faulting are
Iimportant In controlling water movement through the thick
sequence of mostly sedimentary strata. Thls report presents
the results of a reglonal study of geothermal systems in the
thrust 2zone of Idaho and Wyoming (Figure 1I-1), The study
involved analysis of thermal and non-thermal ground water
flow systems based upon hydrogeologic and hydrochemical data
collectlion and Iinterpretation. Particular emphasis was
placed on analyzing the role that the thrust zones play In

controlling the movement of thermal and non-thermal flulds.

Purpose and 0Ob jectlives

The purpose of this research is to utlilize the sclences
of hydrogeology, hydrochemistry and structural geology to
evaluate the geothermal system belleved present In +the

thrust belt of southeastern lIdaho. The general objective of
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this project Iis to provide a reconnaissance evaluation of

fﬁe hydrogeologlc controls for the occurrence and movement

of thermal grouﬁd water in the thrust belt of southeastern
ldaho.
The speclfic objectives are given below:

1. ldentify the structural framework of the thrust belt and
the physlcal characteristics of the thrust zones.

2. Inventory and analyze the thermal and non-thermal ground
water dlscharges controlled by thrust related structural .
features.

3. Analyze the avallable thermal and Ilthologic data from
deep test holes driltled In the thrust belt 1In
southeastern Idaho and western Wyoming.

4. Combine the above results Into a reconnalssance
evaluation of the hydrogeologic controls for +the

geothermal system underlyling the general thrust zone.

Method of Study

This research project was undertaken by the College of
Mines and Earth Resources at the University of Idaho 1In
connection with the graduate program In hydrology. The
project was divided Into subprojects forming the Master's
research topics for four M, S. students In hydrology. In
addition, one Ph. D. student In geology worked partlally

on this project and partially on a project funded through




the ldaho Mining and Minerals Resources Research Institute.
All of the students were under the direct supervision of Dr.
Dale Ralston, Professor of Hydrogeology at the University of
Idaho. A summary of the results of the individual
subprojects are presented as chapters within this report.
Three of the subprojects involved reglional
reconnalssance sfudles of thermal and non-thermal flow
systems wlithin three portions of the thrust area In 1idaho
and Wyoming (Figure [=-1), Field work for these subprojects
Involved locatlon, measurement, and sampling of ground water
dlscharges that appeared to be controlled by structural
features. Particular emphasis was placed on structural
features associated with the +thrust zones. Water samples
were collected following EPA procedures and analyzed for
selected chemical constituents, Summaries of +the results
from these investigations are reported in chapters |11, 1V,
and V for the northern, Meade Thrust and southern subareas.
The theses are by Hubbell (1981), Mayo (1982), and Baglio
(1983). A student In geology Investigated the physical
characteristics of the thrust zones associated with the
Meade thrust block. Emphasis was placed on analysis of the
degree and form of fracturing associated with the thrusting
activity. The results of this investigation are included in
chapter 11, One M. S. student examined the chemistry of
geothermal flow systems on a regional basis roughly bounded

by Raft River on the. east, northern Utah on the south,




western Wyoming on the east and the Island Park KGRA on the
north. His analyslis 1iIncluded data collected by the other
fileld Investigators plus additional sites not covered as
part of +their studles. A summary of results of *this
Iinvestigation are presented In chapter VI. The thesis Is by
Souder (1983). The last M. S. student evaluated the
regional hydrostratigraphy of the thrust zone. A summary of
these results are presented In chapter Il. The fhesls_ls.by
Arrigo (1982). Data from deep drill holes 1including
geologlcal, geophysical, and temperature informaflbh were
also evaluated. Analysis of these data provides Important
Insights on deep geothermal flow systems. This Information

is presented in chapter VilI,

Previous lnvestigatlions

Previous Investigations of Importance to this research
effort are found In three dlifferent flelds: geology,
hydrology and geothermal. The geology of the thrust belt
has been investigated by a number of individuals. Mansfield
(1927) prepared an extensive report on the geology of the
overthrust zone. Specific 7.5 and 15 minute quad areas weré
mapped in the 1950-1970 perliod by varlous USGS geologists
(Cressman, 1964; Armstrong, 1969; Gulbrandsen and others,
1956; and others). Papers by Armstrong and Cressman (1963),

Eardly (1967), Rubey (1955) and Royse, Warner and Reese




(1975) presented structural Interpretations of the thrust
zone, Mabey and Oriel (1970) conducted regional geophysléal
surveys of the southeast ldaho portlion of the thrust area.
The ground water hydrology of the thrust zone has been
the subject of major researh efforts at the University of
ldaho. Ralston and others (1977) and Ralston and others
(1980) reported on the investigation of ground water-surface
water systems near existing or proposed phosphate mines.
These two research reports summarize the findings from two
Ph. D. dissertatlions and six Master's theses. Dlon (1969,
1974) Investigated the ground water hydrology In the Bear
River and Blackfoot Reservoir areas as part of a cooperative
State of Idaho-U. S. Geologlcal Survey effort. . An

Environmental Impact Statement on Phosphate Minling (USDI,

1976) presented a general overview of the hydro[ogy of the

western phosphate field.

Four geothermal reports have been prepared that are
concerned, at least In part, with the thrust area. Three of
these reports were published by the Idaho Department of
Water Resources as part of thelir series on the geofhermai
potential wlthin the State. The study areas were the Cache
Valley area, the Blackfoot Reservolr area, and as part of a
state-wide study (Mitchell, 1976a; Mitchell, 1976b; Mitchell
and others, 1980). The prellminary results from the present

study were presented by Ralston and others (1981).
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Information from all of the above reports plus
additional Information on ground water flow systems,
chemistry of geothermal and non-geothermal systems and
structural geology were analyzed as part of the
Investigation of the geothermal potential of the thrust

area.




CHAPTER 1|

HYDROGEOLOGY OF THE THRUST ZONE

Introductlon
The purpose of this chapter Is to present a) a brief
summary of the geologlic history of the thrust belt In Idaho,
Wyomlng and Utah, b) the results of the geologlc
investigation of the Meade thrust zone, and c) the results of

the Investigation of reglonal hydrostratigraphy.

Geologic Hlstory

The name "overthrust belt"™ has been applied by
geologists, and more recently the general public, to that
part of the Cordilleran Mountaln system which lies In western
Wyoming, southeastern ldaho and northern Utah (Figure I1-1),
This is part of a major system that may be traced from Mexlco
to Canada. The overthrust btelt extends in an arcuate pattern
from the Snake River Plain in the vicinlty of ldaho Falls,
ldaho, to the viclinity of Salt Lake City, Utah, a distance of
some 320 kilometers. The east-west extent of the overthrust
belt is less readily deflined. The eastern margin Is +the
Darby~Hogsback fault trace on the western edge of the Green
River Basin In Wyoming. The western boundary lies well *to
the west of the trace of the Parlis-Willard fault system and

west of outcrops of Precambrlian age rocks near Pocatello,
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ldaho. At present the western edge or root zone is poorly
understood (Blackstone, 1977),.

Geologlc development of the overthrust belt has occurred
in three major stages: 1) deposition in a miogeosyncline, 2)
development of northward-trending folds and thrusts faults,
and 3) development of block faults that produce horst ranges
and graben valleys. An excellent description of these stages
Is given by Armstrong and Orilel (1965). To malintaln
consistency In thls report, their measurements are converted
to metric units.

During Paleozolic time about 20 km (kilometers) of
marine sediments, mostly I|Iimestone and dolomite,
were deposited in a miogeosyncline and about 2 km
of mixed marine sediments were deposited on the
shelf to the east... Starting in Mississippian
time, the belt between shelf and miogeosyncline,
where thicknesses increase markedly, shifted
progressively eastward. During Mesozoic time about
11 km of marine and continental sediments were
deposited In the western part of the region and
about 4.5 km In- the eastern part,... in late
Trlassic a belt on the west rose and the
mlogeosyncline started to break up. (Armstrong and
Oriel, 1965, p. 1847).

The break up or destruction of the miogeosyncline began
the second stage in the geologic deveiopment of the
overthrust belt. The major faults In the overthrust belt are
shown on Figure |I-1.

The second stage, whlich overlapped the first,

produced folds overturned toward the east and

thrust faults dipping gently west In a zone, convex

to the east, 322 km long and 96 km wide.

Stratigraphic throw on many larger faults is about

7 km; horlzontal displacement is at least 16 to 24
km. Lack of metamorphism and mylonlte along the

10
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faults Is striking. From west to east, the thrust
. faults cut progressively younger beds,...
PO Thrusting started in the west In latest Jurasslc
EE and ended In the east perhaps as late as eoarly
Eocene time;... (Armstrong and Orilel, 1965, p.
1847).
Block faulting Is the third stage In the development of
A t” the overthrust beit. The easing of compressional forces
4 resulted iIn the formation of major normal faults In the area.
§ Faulting started In Eocene time and has continued to the
® ;- Recent (Armstrong and Orlel, 1965). Block faulting produced
Ei majJor horst ranges and graben valleys forming the present
r topography. The major normal faults In the area are shown on
e Figure t1=-1,
' The above Is a simplified description of the complex
- geologic hlstory of the overthrust bel+t. A typical
i d L diagrammatic cross-sectlon of the overthrust belt Is
= presented In Flgure 11-2, This diagram Illustrates the
(.
complex structure of the overthrust belt.
®
b Characteristlics of the Meade Thrust
lntroduction
bt The Meade thrust lles within the Aspen and Preuss ranges
of southeastern Idaho (Figure |1-1). The elevation of the
area ranges between 1870 meters (m) and 3030m.
A The general objective of thls portion of the research

was to determine how the thrust zones control flow systems.

The objectlve was met by studyling the petrologic

11
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characteristics of the thrust features, such as fault gouge,
fault brecclas and Interbedded gouge. Field work was carried

out during a 60-day period in the summer and fall of 1980,

General Stratigraphy
The rocks wlthin the Meade thrust plate range In age

from Misslssipplan to Recent (Table I1-1), Sediments of
Mississlipplan to Jurassic age are predominately Iimestone,
dolomite, shale and quartz sandstone. The sequence of

lithologles from Mississipplan to Cretaceous Is conformable
and Is approximately 7300 m +thlick. Tertlary rocks are
fluvial and lacustrine In nature and are found with varylng
thicknesses In the reglon. Small patches of Tertlary basalt
can be found at several sites. No |ithologies older than
Misslissipplan can be found In the area. The Meade thrust has

been dated by Cressman (1964) as Early Cretaceous to Eocene.

Petrology of Ihrust Features
Fault Breccla. As noted by Cressman (1964), the trace

of the thrust fault Is marked by a breccla zone wherever
Misslissipplan rocks are found In the upper plate. This
breccla zone Is seen in Georgetown Canyon near Church Hollow
(Figure 11-3)., It Is also found to the east of the Left Fork
of Twin Creek and in Big Canyon, north of Georgetown and
along the Star Valley thrust near Freedom, Wyoming. The

breccia Is yellow-red to gray In color, and variable In

13




Table II-1.

Generalized stratigraphy of southeast Idaho (after
Cressman, 1964 and Armstrong, 1953).

Thickness
System Series Group, Formation (m)
Pliocene Salt Lake Formation 920+
Tertiary koo e e
Eocena Wasatch Formation rot krown
Cretaceous Gannett Group 1500
Upper Jurassic Stump Sandstone 100-150
Preuss Sandstone 525+
durassic 1 e el
------------------------ Twin Creek Limestone 734-1410+
Middle Jurassic = Fe-eemcmcccmm s
------------------------ Nugget Sandstone 275-520
Ankareh Formation 60-120 +
Triassic Thaynes Formation 325-1125
Lower Triassic = pesecssmccmmmmcm el
Dirwoody Formation 425-550
Permian Phosphoria Formation 170
Pennsylvanian Wells Formation 425-530
iission Canyon Linestone 450-820
Mississippian == m e e e el
.Lodgepole Limestone 200-330
Upgar Cevenian Three Forks Liiestane 35z
Rl L L i Tt R S
Micdie Czvonian Jefferson Dolcmite 285=
Silurian Middle Silurian Laketown Dolomite 390
Upper Ordovician Fish Haven Dolomite 150
Ordovician Swan Peak Quartzite 1802
Lower Ordovician  -cccmomcmomm o]
Garden City Limestone 420:
Upper Cambrian St. Charles Limestone 290=
Nounan Dolomite 335+
glcomington Formation 215=
Cambrian MiZdle Cambrian Blacksmith Formation 320
Ute Limestone cls:=
Langston Formation W 130z
Loauer Catbrian 8righam Quartzice 1200-
e — _. 1 N
14
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thlckness, posslibly up to 10 m thick. The breccia 1Is vuggy
and contains boxworks In places.

Cressman (1964) conslders the breccia to be one unit,
totally comprised of fault breccia. Petrographic examination
of the breccia from the Meade block shows that It can be
divided into three types: 1) a carbonate (|Imestone) unlt,
2) a carbonate-clastlc wunit, and 3) a clastic unit. The
carbonate unit (Type 1) can be described as a gray,
non-permeable breccla. The clasts In this unit are angular to
sub-rounded. Cathodoluminesence shows that the cement In
this type Is of one genefaflon. The carbonate-clastic unlt
(Type 2) 1Is comprised of two types cf clasts. One Is a
grayish limestone and the other Is a green to yellow
clastic/carbonate. Cathodolumlinesence shows that the cement
in the carbonate portion is of one generation. The cement In
the clastic/carbonate section Is multi-generation.The clasts
of both types are rounded. Type 3 Is composed almost entirely
of clastic gralins that are rounded and have
multi-generational cement.

Note that 1In the above discussion of breccias, the
carbonate unit Involved Is predominately the Lodgepole
Limestone and this Is almost excluslively |imestone. While
using the term clastic to describe one type of clasts, It
should be pointed out that the "Clastic" units involved are
the Twin Creek Limestone and the Wells Formation, which may

have calcareous beds. These unlts are described as clastic
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because of the high amount of detrital quartz vislble under
cathodoluminesence.

Eault Gouge. Fault gouge Is found only In one section
In Georgetown Canyon (Figure 11=3). The gouge 1Is found
within the Wells Formation, above the chert layer. The gouge
ranges In thickness from a few centimeters to a maximum of
one meter. The gouge Is black In color and Is very friable.
In thin section, the gouge Is 99 percent chert.

Jdnterbeded Gouge. Inferbeddeq gouge occurs in timited
areas, predominately In the Twin Creek LImestone along Crow
Creek. It Is difflcult to recognize In the field. The gouge
Is characterized by micro-fractures along bedding planes In
an otherwlise hassively bedded unit.

Porosity and Permeabliity. The laboratory measurements
of porosity and permeablllity do not take Into account +the
amount of fracturling present In the IliIthology. Type 1
(carbonate) brecclas generally have low porosity (1-5%) and
low permeabilities (1-50 millidarcies) (md). Type 2 breccias
have Intermediate porosities (2-10%) and Intermediate
permeablilitlies (10-500 md). Type 3 brecclas (clastic) have
the highest porosities (5-17%) and the highest permeabilities
(500-17,000 md).

All of the various Illthologles have extremely low
primary porosities (0-3%) and permeablilities (0-10 md).

However, formations such as the Wells or Dinwoody may be

17




highly jointed and fractured and thus may transmit a
conslderable amount of water.

It was not possible to measure the porosity of the gouge
due to the nature of the material. In the fleld It appeared

to be highly porous.

lnterpretation of Results

Cressman (1964) states that the Meade thrust started as
a bedding plane thrust within or at the base of the Madison
(Lodgepole) Limestone. The thrust followed this horizon for
27 km before cutting up diagonally through Mississippian to
Jurassic sediments before settling In as a bedding plane
thrust agaln, now In the Jurassic Twin Creek Formation.
Gretener (1979) notes that thrust faults tend to linger In
Incompetent strata and step through competent strata at
relatively steep angles. The Meade thrust fault seems to be
no different In this respect.

The thrust deformation features were formed in the
brittle fileld under Ilower pore pressure. All the +thrust
features occurred when the thrust was stepping up. Because

brittle deformation tends to create a rock with high

permeability and porosity, the fault breccias have the
highest poroslity and permeablility of the samples measured.
Ductile deformation tends to l!eave a dense rock. I+ Is

I1kely that this 15 the conditlion that exlsted for much of

the time thrusting occurred.

18
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In conclusion, because of the limited extent of thrust
related features and because of thelr relatively high
porosities and permeabilities, It is not |Illikely +ha+ the
thrusting within the Meade plate has created a barrler to any
flow systems. The thrust may, however, be regarded as a
secondary control 1In preferentlally positioning lithologles

with high permeability against less permeable |ithologles.
Reglonal Hydrostratigraphy

1ntroduction

The relationshlip between structural and stratigraphic
features in southeastern Idaho Is very complex. Thermal and
non-thermal springs In the area Indicate the presence of
edualfy complex ground water flow systems. Previous
investigators have documented that the flow systems are
controlled by both the complex structural setting of the area
and the varliations In hydraullc conductivity between
Indlvidual stratigraphic units In the sedimentary rock
sequence. Winter (1979) found that +the hydfaullc
conductivity values within several stratigraphic units were
areally conslstent and provided a key to understanding ground
water flow systems In a portlon of sou?hea$+ ldaho.

This study was directed toward undergfandlng the
varlations In the water bearing characteristics of selected
stratigraphic units In southeast Idaho, expanding upon the

data base provided by Winter (1979), The usual
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classiflcation of the geologlic formations baéed on thelr age,
lithologlic and paleontological characteristics, may not be an
accurate criterion for judging thelr hydrologlc properties.
Therefore, In ground water studies, a different
classification Is used based on the capacity of the rock to
yleld water from storage (storatlivity) and on its capacity to
transmit water (hydraullc conductivity). The resulting rock
units of thls classiflcation are célled hydrostratigraphic
units (Mohammad, 1976, p.-35). The boundaries of these units
may or may not colncide with the boundarlies of the geological
formations.

The purpose of this portion of the study is to provide
a better understanding of +the hydrostratigraphlic controls
for grouhd water flcw in southeast |Idaho. X The general
objective is to utilize stream flow reasurements, a spring
inventory, and knowledge of geology and hydrology to define
hydrostratigraphic controls for ground water flow In units of

the geologlc column In southeast ldaho.

Method of Study

Data from stream flow measurements and a spring
inventory were utillzed to describe the hydrostratigraphlic
controls on ground water flow Iin southeast Idaho. The
results of these analyses were used to test the hypothesis
that the hydrostratigraphic controls on ground water flow are

~areally consistent.
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Stream flow measurements and a spring Inventory were
used to locate and catagorize the hydrogeologlc
characteristics of units which support ground water flow
systems. Ground water flow systems are Iindicated on the
surface by the presence of recharge and dlscharge areas.
Spring discharges are clearly Indications of ground water
flow systems. Galn or loss in stream flow are also
indications of the presence of a ground water flow system.
if a stream flows over a recharge area, water from the s+tream
will enter the ground water system and the stream will lose
flow. Conversely a stream will gain fiow In a ground water
discharge area. A lack of change In stream flow across a
unit does not necessarily lndlcafe the unlit has low hydraulic
conductlivity. Stream flow may not change across a unit wlth
high hydraullc condﬁcflvlfy If the unit Is structurally
Isolated from a flow system. The characteristics of galning,
losing and no galn or loss sections of a stream are
Iflustrated In Figure |1-4,

Stream flow measurements were taken during August, 1980,
and September, 1981, The late summer time frame was chosen
so that stream flow could be measured at or near baseflow
levels.

Initlally, stream flow measurement sites were selected
In the office prior to the fleld season. Geologic maps were

examined to find the streams which flowed over formations of
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Iinterest to this study. In the fleld, It was reallzed that
the hydrostratigraphy of varilous formations could not be
analyzed because of the limlited avallabllity of sultable
stream flow measurement sites. As a result, data were only
collected for streams which flowed over selected Jurassic,
Misslssippplan, Ordoviclan and Cambrian formations.

Once a suitable flowing stream was located, the actual
measurement sltes were selected based upon several criteria:
a) there be flow across a formation of Interest, b) the
stream channel be underlaln by a minimum of valley fill
material, and c¢) the measurgmen* sltes have some means of
reasonable access, elither by vehicle or on foot. Measurement
sltes were generally located at or near the point where the
stream flowed over a formatlon contact. This was done to
obtaln a measured flow across the exposed formation.
Formation contacts were located orlginally by examlinling
geologlc maps and, where possible, were verified In the fleld
by examining rock outcrops.

Stream flow was measured by one of two methods: a) a
pygmy'currenf meter and a topsetting rod and b) a
sixty-degree, V-notch flume constructed of fiberglass with a
sidewall and headscale. The flume was capable of measuring
discharge over a range of 0.003 to 2.33 liter/sec. The flume
was used where stream flbw was too low to use the current
meter. The accuracy of the two measurement techniques was

assumed to be plus or minus 10 percent.
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The spring inventory was conducted In the offlice durling
October and November, 1981, Spring sites were Initially
located by examining U.S. Geological Survey 7.5 and 15 minute
topographic quadrangles. Topographlc maps of this scale
Identify where springs are located. Spring sites ldentified
from the topographic maps were then located on geologlc.maps
of the same area. The local geology at each spring site was
evaluated to determine from what formation the spring
discharged. The presence of structural features near the

spring slte, such as faults or folds, was recorded.

Presentation and Analysis of Data

Stream Galn-lLoss Data. Stream flow data have been
collected for ten stream sections In southeast Idaho. The
location of the measured sectlons within the study area are
shown on Figure |I1=5, Sfream’galn-loss characteristics are
.dlscussed according to three different groups of streams
based upon the age of the formations exposed In the stream
channel. The flrst group Includes four streams that flow
over the Jurassic Nugget or Twin Creek Formations. Two
streams which cross over the Mississippian Mission Canyon
Formation make up the second group. The third group 1Is
comprised of four streams that flow ovér formations ranglng
in age from the Ordoviclian Swan Peak Formation to the Lower
Cambrian Brigham Formation. General data for streams, such

- as name, location and measurement data are listed on Table

24




l

,w.

®Rexburg

MADISON

TETON

5
I
e
-~ BOMNEVHLE
- i
BINGHAM
- -__‘;?_ - _ _ e
2
CARIBOU ‘
1
SI"‘}-" >
™
« 3
O o
s =
<
. BEAR % Montpelier
:'-/‘ . 7 R
~ , . LAKE
g :, .
¢ 8
Prestor: 9
* E AFAR .4
FRANKLINTO - can

EXPLANATION

1 Horse Creek
2 Temace Canyon Creek

3 Unnamed Tributary
to Crow Creek

Iindian Creek

Bums Canyon Creek
Burbank Creek

Paris Creek

Wom Creek

Saint Charles Creek
Fish Haven Creek

O © ® N O O i

0 10 20 30 40

L 1 1 1 ) km.

Figure II-5. Location of stream sections for gain -~ loss measurements

from Arrigo (1982).
25




11=2. Additlional detalils on stream flow measurements are
glven In Arrigo (1982).

A classification system was developed to analyze stream
flow data. The system Is based upon the percent of change In
stream discharge between measurement sites. The percent of
change in the discharge between measurement sites is used to
quantify whether the data show no indication or a moderate or
strong lIndication of high hydraulic conductivity. An 11 to
20 percent change In flow Is considered a moderate
Indication of high hydraulic conductivity. A flow change
greater than 20 percent Is considered a strong Indication of
high hydraullc conductivlty. |

The four study streams that flow over the Jurassic
formations are Horse Creek, Terrace Canyon Creek, unnamed
tributary to Crow Creek and Indlan Creek (Figure 11-5). The
investigation of the Horse Creek section is presented 1In
detail in the following paragraph as an example of the
descriptions gliven In Arrigo (1982),.

The section of Horse Creek that was measured flows over
the Twin Creek and Nugget Formations. The geology of the

Horse Creek area and the locatlon of stream flow measurement

sltes are shown on Flgure [I1-6. A geologlc cross-section
through the Horse Creek area, along the line X-X' shown on
Figure 11-6, Is presented on Figure |I-7. Triassic, Jurassic

and Tertiary Formations are exposed In the area shown on
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Table II-2. The name, location, date measured, exposed formation,
number of measurements and type of access for stream
gain-loss sites in southeast Idaho.

Date Exposed Number of
Site Measured Formation Measurements Access
Horse Creek 9-21-81 Jt, Jn 3 Hike
7S 46E 20
Terrace Canyon Creek  9-22-81 Jt, Jn 3 Hike
6S 45E 28 & 27
Unnamed Tributary to  9-22-8] Jdp, Jt 2 Pickup
Crow Creek
10S 46E'35
Indian Creek 9-23-81 Jn, Jt 4 Pickup
15S 46E 19, 20 & 30
Burns Canyon Creek 9-20-81 Mm 2 Hike
3N 43E 6 & 12
Burbank Creek 9-9-81 Mm 2 Hike
2N 46E 9
Paris Creek 7-14-80 €bo, Eb] 7 Pickup
14S 42E 13 7-15-80 €u, €1, €q
14S 43E 18
Worm Creek 7-16-80 €s, €n, 5 Pickup and
155 43E 6 & 5 Ebo, €Ebl Hike
Saint Charles Creek 7-17-80 O0s, Og 3 Pickup
15S 42E 26 & 24
Fish Haven Creek 9-24-81 0g, €s, €n 5 Pickup
27
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Figure 11-6. Directly west of this area lies the axis of a
norfh-éou+h-frending antlcliine. Thus, formations In the area
generally dip to the easf; The mainm structural features 1In
the area are two branches of a horfhwesf-frending thrust
faul t. The thrust fault dips to the west. The western
thrust fault places undifferentliated Tertlary formations
unconformably over the Nugget Formatlon and the eastern
thrust fault places the older Nugget Formation on top of the
younger Twin Creek Formation (see Flgure 11-7). On the
eastern side of Flgure I1-6, terrace deposits lap against the
Twin Creek Formation. These poorly-consolldated sediments
are part of the Tertlary Salt Lake Formation.

Three stream flow measurements were taken on Horse
Creek. The obJective of measuring flow at Horse Creek was to
obtain measured flow across the Nugget and Twin Creek
Formatlions. The first measurement site was located where
the creek starts to flow over the Nugget Formation. | The
second site was placed downstream, at approximately the
Nugget-Twin Creek contact. This contact Is the trace of the
thrust fault,. The third measurement station was located
downstream of the second site where the Twin Creek Formation
Is exposed In the channel. Stream galin-loss data for Horse
Creek are |lIsted on Table I1-3.

Stream flow data from Horse Creek show a strong
Indication that both the Nuggef and the Twin Creek Formatlons

have zones of high hydraulic conductivity. Stream flow
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Table 11-3, Stream galn-loss data for Horse Creek

Discharge Difference Change Indicatlion Exposed

Site (1/s) (t/s) (%) of High K Formation
A 24
-5 =21 strong Jdn
B 19
+21 +110 strong Jt
C 40

decreased considerably between slites A and B because of water
entering the Nugget Formation. A large amount of ground
water discharged into the stream from the Twin Creek
Formatlon between sites B and C. I+ Is possible that the
thrust fault In the area creates a zone of high hydraulic
conductivity due to fracturing. Distinct discharge or
recharge points were not identifliable along the section of
Horse Creek that was measured.

Stream flow data from Terrace Canyon Creek show a
moderate indicatlon of high hydraullc conductivity for the
Nugget Formation. The data also show a strong lndlcaflpn of
hlgh hydraulfc conductivity for the Twin Creek Formation.
Stream flow Iincreased between measurement sites over both
units; ground water discharged from the Nugget and Twin Creek
Formations Into the stream. It Is possible that a thrust

tfault In the area Is a significant control for ground water
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flow. The occurrence of a spring near the thrust faulf
Iindicates that the fault has created a zone of high hydraulic
conductivity through which ground water discharges.

The sectlon of the unnamed tributary to Crow Creek that
was measured flows over the Twin Creek Formation. Stream
flow was estimated to be approximately equal at each of the
two measurement sites. Data do not show any indication of
high hydraullc conductivity for the Twin Creek Formation at
this site.

Four stream flqw measuremqnfs were taken on Indlan
Creek. The objective of the measurement placement was to
obtaln a measured flow across the Twin Creek and Nugget
Formations. Stream flow across the Twin Creek Formation
slightly increased but does not Indicate high hydraulic
conductivity. The small gain In stream flow measured across
the Nugget Formation may be the result of water discharging
from a zone of high hydraullc conductlvity along a thrust
faul t. I+ appears that structural features are the primary
tfactors which control the distributlion of hydraulic
conductivity at the Indian Creek site.

The two study streams that flow over the Mississipplian
Misslion Canyon Formation are Burns Canyon Creek and Burbank
Creek (Fligure 11-5), The stream flow data from the two
measurement slites on Burns Canyon Creek do not show any
Indication of high hydraullc conductivity for the Misslion

- Canyon Formation. Stream flow data from the two measurement
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sites on Burbank Creek show a strong Indication of high
hydraullic conductlivity for the Mission Canyon Formation.
Stream flow Increased considerably across the Mission Canyon
Formatlon.

The four study streams +that flow over Ordovician and
Cambrian Formations are Paris Creek, Worm Creek, St. Charles
Creek and Flish Haven Creek (Figure 11-5), Seven stream flow
measurements were taken at Parls Creek. The objective of the
measurement placement was to obtaln a measured flow across
the Blacksmith, Ute, Langston and Brigham Formations. Stream
flow data for Parls Creek show no Indicatlon of hlgh
hydraullc conductlvity for the Blacksmith and Brigham
Formatlons. Also, the data show a strong Indication of high
hyraullc conductivity for the Ute Formation and a moderate
Indication for the Langston Formation. Stream flow Increased
across the Ute Formation and decreased across the Langston
Formation. Stream flow remained unchanged across the
Blacksmith and Brigham Formations. These data Indicate that
the Ute and Langston Formatlions have zones of high hydraulic
conductlivity Iin the Parls Creek area. The spring at the head
of Paris Canyon discharges from the Bloomington Formatlon.
The presence of thls spring Indlcates that the Bloomington
Formation contains a zone of hlgh hydraullic conductivity.

Five stream flow measurements were taken on Worm Creek.

The objective of the measurement placement was to obtain a
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meaéured flow across the Saint Charles, Nounan, Bloomington
and Blacksmith Formations. Indication of high hydraullc
conductivity for stream gain-loss data at Worm Ceek are as
follows: moderate for the Salnt Charles Formation, strong
for the Nounan Fdrmaflon, none for the Bloomington Formation
and moderate for the Blacksmith Formation. Stream flow
Increased across the Salnt Charles Formation, decreased
signiflcantly across the Nounan Formation, remalned unchanged
across the Bloomington Formaflon and decreased sllightly
across the Blacksmlith Formation.

Three stream flow measurements were taken on Salnt
Charles Creek. The objective of the measurement placement was
to obtaln a measuréd flow across the Swan Peak and Garden
City Formation. Stream flow data show a moderate indlication
of high hydraullic conductivity for the Swan Peak and Garden
City Formations. A measurement could not be obtalned near the
Swan Peak-Garden City contact; the formation across which
flow was |ost thus cannot be determined. A large spring
discharges from the Garden Cify Formation 1indicating that
thls formation con+afﬁs a zone of hlgh hydraulic
conductivity. With the Incomplete stream flow data, only
the presence of the spring discharglng from the Garden City
Formation can be used as an indlication of high hydraullc
conductivity in the area.

Flve stream flow measurements were taken on Fish Haven

Creek. The objective of the measurement placement was to
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obtain a measured flow across the Garden City, Saint Charles,
Nounan and Bloomlington Formations. Stream galn-loss data
show a strong lIndlication of high hydraullc-conducflvlfy for
the Saint Charles and Nounan Formatlons. Stream flow
Increased slgnlflcanfiy across both of these formations.
Stream flow data do not show any Indication of high hydraulic
conductivity for the Garden City Formation. However, +the
presence of a spring discharging from the Garden City
.Formation Indlicates the presence of a hligh hydraullc
conductivity zone within this formatlion.

Gain-loss data from the stream sections measured 1In
southeastern |daho are summarized on Table 11=-4. The
analysls of stream gain-loss data shows strong indicatlions of
high hydraullc conductivity for the Twin Creek (Jt) and
Nounan (Cn) Formations at two locations. A strong Indication
of high hydraullc conductivity was also measured for fhé
Nugget (Jn), Misslion Canyon (Mm), Ute (Cu) and Swan Peak (0Os)
Formations. Moderate Indicatlons of hilgh hydraulic
conductivity were observed for the Nugget (Jn) and Garden
City (0g) Formations at two locations and for the Twin Creek
(Jt), Swan Peak (0s), Salnt Charles (Cs), Bloomington (Cbo),
Blacksmith (Cbl) and Langston (Cl) Formations at single
locations.

Given the complex geologic setting of southeastern

Idaho, It Is difficult to determine whether the iIndications
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Table II-4. Summary of stream gain-loss data for stream sections measured in southeastern Idaho.

’

Indication of Other Indication Structural Feature
High Hydraulic of High Hydraulic Affecting Hydraulic
Stream Name Exposed fFormation Conductivity* Conductivity Conductivity
Horse Creek Nugget (Jn) strong - fault
o Twin Creek (Jt) strong - fault
Terrace Canyon Creek Nugget (Jn) moderate - fault
Twin Creek (Jt) strong moderate (spring discharge) fault
Unnamed Tributary Twin Creek (Jt) none fault
to Crow Creek :
Indian Creek Twin Creek (Jt) none moderate (spring discharges) syncline/fault
Nugget (dn) ~ moderate fault
Burns Canyon Creek -Mission Canyon (Ma) none - fault
Burbank Creek Mission Canyon (Mm) strong moderate (spring discharge) none identifijable
Paris Creek Bloomington (6bo) none moderate (spring discharge) syncline
Blacksmith (ebl) none - syncline
Ute (6u) strong - syncline
Langston (€1) moderate - syncline
Brigham (6q) none - syncline
Worm Creek Saint Charles (6s) moderate - syncline
Nounan (6n) strong - syncline
Bloomington (€bo) none - syncline
Blacksmith (6b1) ) moderate - syncline
Saint Charles Creek Swan Peak (0s) noderate - syncline
Garden City (0g) moderate moderate (spring discharge) syncline
Fish Haven Creek Garden City (Oy) none moderate (spring discharge) syncline
Saint Charles (6s) strong - syncline
Nounan (6n) strong - syncline

* Indication of high hydraulic conductivity
0-10 percent gain or loss equals no indication .
11-20 percent gain or loss equals moderate indication
>20 percent gain or loss equals strong indication
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of high hydraulic conductivity wlthin a formation represent a
reglonal pattern of primary and secondary hydraullc

conductivity or localized zones created by faulting and

folding. Structural features affecting hydraullic
conductivity were Identifled at practically all of the
measured stream sectlons. This suggests that structural

features are Important factors which control hydraulic
conductivity In southeastern idaho.

Spring lnventory. The location, elevation and geology
of 281 spring sites were recorded for +he spring Inventory.
A detalled Ilst of spring Inventory data 1Is presented In
Arrigo (1982). A total of forty 7.5 minute and six 15 minute
topographic quadrangles were examined for the spring
Inventory. The portion of the study area covered by the
spring Inventory Is shown on Figure |1-8. Many quadrangles
In the study area could not be Inspected for spring
discharges because of the lack of corresponding geologic
maps. Thus, the inventory is bliased toward the formatlions on
the quadrangles examined. To adjust for the bilas, spring
data from formations that are exposed In a |imited area were
not Included In the Inventory. Springs which dlscharge from
alluvium, basalt or the Tertiary Salt Lake Formation were
also excluded from the spring lInventory. The water-bearing
characteristics of these formations are known from previous
studles (Dlon, 1969, 1974) and are only locally Important In

the hydrostratigraphic framework of southeastern Idaho.
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The locatlon of a spring dlscharge Is dependent upon
stratigraphy and structure. The Ilthology and thickness of a
unit, and the position of a permeable unlft relative to an
Impermeable unit are stratigraphic features which influence
the location of spring discharges. Faults and folds are
structural features that affect the location of spring
discharges. Many springs are slituated along zones of hligh
hydraullc conductlvlity caused by faults or folds. The
presence of structural features at or near a spring site was
recorded for the spring lInventory to ald In describing the
factors which control hydraulic conductlvity.

A classification system was developed for this study to
ald Thé»énalysls of spring Inventory data. The
classlfication system Is based on the total number of springs
determined to be discharging from each formation. The number
of springs discharging from a formation was used to quantlify
whether Inventory data show a weak, vmoderafe or strong
Indication of high hydraullc conductivity. Five or |less
springs dlscharging from a formation represents a weak
Iindication of high hydraullc copducflvlfy. A total of six to
ten springs discharging from an Individual formation Is
consldered a moderate Indication of hligh hydraulic
conductlivlty. Greater than ten springs discharging from a
formation represents a strong Indication of high hydraulic

conductivity.
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A summary of spring Inventory data Is presented on Table
I1=5. This table llIsts each formatlion and the number of
springs found dlscharging from each formation. Indications
of high hydraulic conductivity are also shown on Table 11-5.
A strong Indication of high hydraulic conductivity was
calculated for the following formations: Kirkham Hollow
(Tk), Frontier (Kf), Gannett (Kg), Thaynres (Trt), Dinwoody
(Trd), Wells (PPw), Bloomington (Cbl) and Brigham (Cq). For
the following formations, the spring Inventory showed a
moderate Indication of high hydraullc conductivity: Wayan
(Kw), Bear River (Kb), Twin Creek (Jt), Phosphoria (Pp),
Mission Canyon (Mm), Gallatin (Cq), and Nounan (Cn). The

spring Inventory showed a weak indlcation or no Indication of

high hydraullic conductlvity for the remaining formations on

Table 11-5.

The number and percent of springs associated with
structural features are also shown on Table |1-5. Of the 281
springs recorded for the sprling inventory, 162 or 58 percent
were Jlocated at or near structural features.Glven the high
degree of faulting and folding In scutheastern Idaho, It is
probable that the majorlity of springs in the study area are
assocliated with structural features. Minor faults and folds
are too numerous fo be shown on geologic maps; thus, It was
not posslble to record the presence of small faults or folds

~ that may be affecting some spring sites. The large number of
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Table II-5. Summary of spring inventory data from southeastern Idaho.

Indication of

Springs Associated
with Structural

Number of High Hydraulic Features
Formation Name Springs Conductivity* Number %
Kirkham Hollow (Tk) 20 strong 0 0
Wasatch (Tw) 0 - 0 0
Wayan (Kw) 9 moderate 4 44
Frontier (Kf) 18 strong 10 55
Aspen (Ka) 3 weak 1 33
Bear River (Kb) 9 moderate 2 22
Gannett (Kg) 16 strong 11 69
Stunp (Js) 2 weak 1 50
Preuss (Jp) 4 weak 4 100
Twin Creek (Jt) 9 moderate 6 66
Nugget (Jn) 2 weak 1 50
Ankareh (Tra) 5 weak 3 60
Thaynes (Trt) 29 strong 22 76
Woodside (Trw) 1 weak 0 0
Dinwoody (Trd) 34 strong 23 68
Phosphoria (Pp) 8 moderate 5 63
Wells (PPw) 31 strong 23 74
- Tensleep (PPt) 5 weak 4 80
Amsden (PPa) 1 weak 0 0
Mission Canyon (Mm) 10 moderate 7 70
Lodgepole (M1) 5 weak 3 60
Darby (Dd) 2 weak 0 0
Beirdneau (Db) 0 - 0 0
Hyrum (Dh) 0 - 0 0
Laketown (S1) 0 - 0 0
Bighorn (0Ob) 0 - 0 0
Fish Haven (0Of) 0 - 0 0
Swan Peak (0s) 4 weak 2 50
Garden City (0g) 5 weak ] 20
Gallatin (€g) 7 moderate 7 100
Saint Charles (€s) 2 weak 1 50
Nounan (€n) 6 moderate 3 50
Gros Ventre (€gv) 1 weak 0 0
Bloomington (€bo) 12 strong 9 75
Blacksmith (€b1) 2 weak 1 50
Ute (€u) 0 - 0 0
Langston (€1) 2 weak 1 50
Brigham (€q) 17 strong 7 41.
Total 281 162 58

* Indication of high hydraulic conductivity

0-5 springs equal weak indication

6-10 springs equal moderate indication

>10 springs equal strong indication




springs situated at or near structural features suggests
structural features are Important factors which control the

locatlon of springs In southeastern Idaho.

lnterpretation of Results

Estimates of the hydraullc conductivity of 1individual
formations In southeastern I|daho based on stream gain-loss
data and spring Inventory data, are presented on Table |1-6.
This table Ilists the indlcatlons of high hydraulic

cohducfivify that were determined from stream galn-loss

measurements and the spring Inventory. Arrigo (1982)
presents detalls concerning the formulation of Table I1-6.
The factors controllling hydraullc conductivity, If
identifiable, are shown for each formation In Table [!-6.

This classiflicatlon Is .based upon the percentage of springs
Inventorlied associated with structural feafurés.

The hydrostratigraphic controls which Influence the
movement of groundwater in southeast Idaho were Identifled
by estimating the relative hydraullc conductivity of
individual formations and the controls on hydraulic
conductivity. The consistency of and the controls on
hydraullc conductlvty were evaluated using streamflow data to
test the hypothesis that the hydros?raffgraphlc controls on
groundwater flow are. areally consistent. Stream flow was
measured across the Twin Creek Formation at four sltes, the

Nugget Formation at three sites, and twice across the Garden
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Table I1-6. Estimation of relative hydraulic conductivity and factors controlling hydraulic conductivity
for the formations in southeast Idaho, based on stream gain-loss and spring inventory data.

Stream Gain-lLoss Data

Structural Spring Inventory Data
Indication Feature Indication Percent Springs Estimate of
of High Affecting of High Associated with Relative
Hydraulic Hydraulic Hydraulic Structural Hydraulic Factor Controlling
Formation Name Conductivity Conductivity Conductivity Features Conductivity Hydraulic Conductivity
Kirkham Hollow (Tk) - - strong 0 high stratigraphy
Wasatch (Tw) - - - - not estimated none identifiable
Wayan (Kw) - - moderate 44 medium stratigraphy/structure
Frontier (Kf) - - strong 55 high structure/stratigraphy
Aspen (Ka) - - weak 33 Tow stratigraphy/structure
Bear River (Kb) - - moderate 22 med i um stratigraphy
Gannett (Kg) - - strong 69 high structure/stratigraphy
Stump (Js) - - weak 50 Tow structure/stratigraphy
Preuss (Jp) - - weak 100 Tow structure
Twin Creek (Jt) strong fault moderate 66 medium to high structure/stratigraphy
" strong fault
v none fault
" moderate syncline/fault
Nugget (Jn) strong fault weak 50 low to high structure/stratigraphy
" moderate fault
" moderate fault
Ankareh (Tra) - - weak . 60 low structure/stratigraphy
Thaynes (Trt) - - strong 76 high structure
Woodside (Trw) - - weak ' 0 Tow stratigraphy
Dinwoody (Trd) - - strong 68 high structure/stratigraphy
Phosphoria (Pp) - - moderate 63 medium structure/stratigraphy
Wells (PPw) - - strong 74 high structure/stratigraphy
Tensleep (PPt) - - weak 80 low structure
Pmsden (PPa) - - weak - Tow stratigraphy
Mission Canyon (Mm) none fault moderate 70 medium to high structure/stratigraphy
" strong none
identifiable
Lodgepole (M1) - - . weak 60 Tow structure/stratigraphy
Darby (bd). - - weak 0 Tow stratigraphy
Beirdneau (Db) - - - - not estimated none identifiable
Hyrum (Dh) - - - - not estimated none identifiable
Laketown (S1) - - - - not estimated none identifiable
Bighorn (0b) - - - - not estimated none identifiable
Fish Haven (Of) - - - - not estimated none identifiable

Swan Peak (0s) moderate syncline weak 50 low to medium structure/stratigraphy
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Table II-6. Continued.

Stream Gain-loss Data

Structural __.__Spring Inventory Data
Indication Feature Indication Percent Springs Estimate of
of High Affecting of High Associated with Relative
Hydraulic Hydraulic Hydraulic Structural Hydraulic Factor Controlling
Formation Name Conductivity Conductivity Conductivity Features Conductivity Hydraulic Conductivity
Garden City (0g) noderate syncline weak 20 low to medium. stratigraphy
" moderate syncline
Gallatin (6g) - - moderate 100 medium structure
Saint Charles (6s) moderate syncline weak 50 Tow to high structure/stratigraphy
" strong syncline
Nounan (6n) strong syncline moderate 50 medium to high structure/stratigraphy
" strong syncline
Gros Ventre (€gv) - - weak 0 Tow stratigraphy
Bloomington (€bo) moderate syncline strony 75 medium to high structure
" none syncline
Blacksmith (&b1) none syncline weak 50 low to medium structure/stratigraphy
" moderate syncline
Ute (€u) strong syncline - - high stratigraphy
Langston (€1) moderate syncline strong 50 medium to high structure/stratigraphy
Brigham (€q) none syncline strong 41 high stratigraphy/structure
. e ‘ . . . . - .
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City, Saint Charlies, Nounan, Bloomington and Blacksmlth
Formations, The data suggest that the hydraullc
conductivity of most of the formations 1is not areally
conslstent. |

The areal consistency of hydraulic conductivity was
also evaluated by examining the estimates of hydraulic
conductivity. The formatlions In Table |1-6 estimated to
have high hydrualic conductivity are composed of elther
sandstone or |limestone, with the exception of the Kirkham
Hollow and Brigham Formations, whlich are composed of
rhyolite and quartzlite, respectively. The formations 1In
Table [1-6 estimated to have low hydraulic conductivity are
composed of elther shale, slltstone, sandstone Interbedded
with sliitstone or |imestone Interbedded wlith siltstone.
Formations estimated to have low hydraulic conductivity that
have different Ilithologies are the Tensleep Formation which
Is composed of quartzite, and the Lodgepole Formaflon which
consists of |imestone and dolomite. This iInformation
Indicates that I|lthology Is a control on hydraulic
conductlvity In southeast ldaho.

The strongest indication of areal consistency Iis
obtained from an examinatlion of |Ilthology. In southeast
ldaho, the formatlons that are composed of elther sandstone
or |imestone generally have relatively high hydrualic
conductlivity. Formaflons that are composed of elther shale,

siltstone, sandstone Interbedded with siltstone or |[Imestone
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interbedded with silitstone

hydraullc conductivity.
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CHAPTER 111
HYDROGEOLOGIC RECONNAISSANCE OF THE NORTHERN SUBAREA

lntroduction

This portion of the study Is a hydrogeologlc
reconnalssance of thermal and non-thermal ground water flow
systems In the northern portion of the project area (Figures
1-1 and 111-1). The northern subarea Iincludes approximately
3800 square kllometers and Is located predominantly In
Bonneville County, wlith smaller portions 1In Caribou,
Jefferson and Madison Countles, Idaho and Lincoln County,

Wyoming.

Method of Study

The method of study described In this sectlon was
followed for all of the subarea studies. Springs were
Initially Identifled by examining USGS topographic maps,
Forest Service maps, or by word of mouth by people In the
area. The springs were then vislted In the fleld. All
springs or wells warmer than 15.5 degrees Centigrade were
sampled. In addition, perennial springs associated wlth
ma Jor faults were also sampled.

The surrounding geology was studled at each site. The
water temperature, pH, flield blcarbonate concentration and
speclflc conductivity of each spring was measured In the

fleld. The spring discharges were elther estimated or
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measured. Temperature was measufed with a Taylor thermometer
accurate to 2°F In the 1980 fleld season and wlith a VWR
thermometer accurate fo 0.2°C for the 1981 field season. The
pH measurement was done with elther: 1) a VWR Digital Minl pH
meter model 45 with 0.01 pH resolution and 0.05 pH
reproducibitity, or 2) a Corning model 3D portable pH meter
with 0.01 pH resolution and 0.02 pH reprbduclblllfy. Samples
for the pH determination were placed In a beaker to still the
water before taking a reading. The pH meters were calibrated
with pH 4 and pH 7 buffered test solutions before each
determinatlion. Speciflc electrical conductance was
determined with a Hach model 16300 meter with an accuracy of
plus or minus one percent of full scale. Thls meter was
calibrated dalily with a Hach standard solution. At several
spring sites It was necessary to dilute the sample 1:2 with
delonized water to obtain an on-scale reading. Bicarbonate
(HCO3_) concentration was determined by hydrochloric acld
(HC1) titratlon using a Hach digital titrator. The titrant
was elther: 1) prepared by Unlversity of l|daho personnel, or
2) was from Hach pre-packaged cartridges. Bicarbonate
titrations were done untll two analyses agreed wlthin five
mg/1|. The HCO3' samples were analysed within flve minutes
after they were collected and care was taken to prevent undue
aeration of the sample during collection.

Duplicate water samples were collected for |laboratory
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analyslis. During the 1980 fleld season, samples were

collected In the following manner:

1. Two 250 ml samples, filtered and acidifled to a pH of
less than two were collected for atomic absorption
spectrometric analysis and for the sulfate determination.

2. Two 60 ml| filtered samples were collected for fluoride
and chloride analysis,

3. Af selected sites, water samplies were collecfeﬁ In two
four ounce amber glass bottles for deuterifum/oxygen~18
(D/0-18) analysis. These were filled nearly to the top,
left to cool, and then sealed with parafin to prevent any
atmospherlc exchange with the sample.

Water samples from the 1981 fleld season were treated In
the same manner except that [+ was found to be sufficient to
collect only one set of 250 ml samples 1in addition +to the
0/0-18 samples.

Carbon-isotope samples were obtalned at selected sltes.
These samples were gathered In the following manner:

1. Two 50 Ilter carboys were fllled wlth spring water,
filtered when necessary to remove organic materials.

2. Sodlum hydroxide was added to a minimum pH of 12 +to
convert all bilcarbonate to carbonate.

3. An excess of barlum chlorlde was added to precipltate out
all carbonate.

4. Samples were allowecd to 'sit overnight while +the

precipitate settled to the bottom.
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the Swan-Grand Valley lowland. The highest elevation of this
area |Is approximately 2000 m.

The Caribou Range 1s a rugged, mountalnous area south of
the Swan-Grand-Valley lowland. It parallels the lowland for
more than 80 km. The maximum elevation of this area Is 2988
m at Carlbou Mountalin. Seven other peaks Iin this area have
elevations over 2500 m. The streams in thls area have cut
deep canyons Into this mountaln range.

The Willow Creek hills form a western and southwestern
portlon of the study area. This Is a hllly region with local
rellef of 100 to 150 m. The highest elevation Is 1980 m near
Herman with a general slope toward the northwest to the Clty
of Ammon where the elevation Is 1520 m.

Grays Lake is in the southern portion of +this area.
This marshy area was once flooded with water but at present
has only a few open patches of water. The elevation of Grays
Lake is 1950 m.

All streams In the study area are tributary to the Snake
River. The Snake Rlver enters the study area near Alpine,
Wyoming, follows the Swan-Grand Valley lowland northwest to
the Snake Plain where It changes Its course to flow toward
the southeast. The Important streams that draln the study
area are Tincup and Salt Rlvers, McCoy, Bear, Fall, and

Willow Creeks and Grays Lake Outlet.
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Mean annual precipitation varies from less than 25 cm In
the northwestern portlion of the study area near Ammon to more
than 89 cm on several of the higher mountains such as Big Elk
Mountaln or Carlbou Mountaln (U.S.D.l., 1976). The
preciplitation generally Iincreases toward the southeast.
More than half of the preciplitation falls from October to
March, with most of +t+hils as snow,. The average annual
temperatures as recorded at l|daho Falls, Irwin, and Afton

are 5.3, 5.5, and 2.9 degrees Celslius (U.S.D.C., 1964).

Hydrogeology of the Study Area

The rocks within the study area range In age from
Cambrian to Recent. The Paleozolc rocks are mostly marine
| imestones, with some sandstone and minor shales. Mesozolc
rocks conslst of alternating l|Imestones, sandsfone, and
shales. Cenozoic strata conslist of conglomerates, volcanic
ash, sandstone, alluvium, and colluvium. lgneous rocks of
Tertlary and Quaternary age conslst of rhyolite tuffs and
basalts. A hydrogeologlc classliflcation of the formations
Is shown on Table I11-6 based upon the reglional study of
hydrostratigraphy.

The geology of the area Is extremely complex (Flgures
111=-2 and 111=3), The area has been Iintricately folded and
faulted durling perlods of thrusting. The movement was toward

the northeast with displacement In the order of 16 to 24 km
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5. The supernate was then decanted and the precipitate
transferred to one |iter Nalgene contaliners. Samples of

carbonate rock materlal were sent for ;3C analysis to ald

in the Interpretation of the 14

C ages.

The deuterium and oxygen 18 samples and the carbonate rock
samples were all analysed at the |Isotope Geochemlstry
Laboratory at the University of Arlizona.

Laboratory water quallty analyses were conducted by the
field investigators utiilzing equipment at the University of
Idaho. Recommended Environmental Protection Agency practices
were used for laboratory tests (U.S.E.P.A., 1974). The Mohr
volumetric method was used for chioride, a gravimetric method
was used for sulphate, specific 1Ilon probe for fluoride;
concentrations of sodium, pofasslum,'magneslum, calclium and
siliclia were determined by atomic absorptlon spectroscopy.

Dupllicate samples were analysed for each study slte, and
the concentrations averaged when they were close. Samples
were reanalysed when large differences between the dupllicates
Qere noted. Methods for Chemical Analysls of Water and
Wastes (U.S.E.P.A., 1979) reports deviations of 1 to 5% from
the known values by single laboratories analysizing multiple
known cation samples.

The net accuracy of the analyses was checked by
computing the catlion-ion balance by:

T meg/1 Cations - © meg/l Anions 100
T meg/1 Cations + £ meg/1 Anions

% Error =
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Error in this balance may be caused by analytical error
or by the éffecf of lon species which were not determined.
Minor constituent analyses done previously by IDWR indicare
that the error contribution from undetermined specles Is

small (Mitchell, Johnson, and Anderson, 1980).

Geographlc Setting

The Grand Valley fault forms the northern and eastern
‘boundary of the northern subarea (Figure 11=-1). This fault
I's located along the north side of the Swan and Grand Valleys
and the eastern side of Star Valley. The locatlion of +t.
Meade thrust fault forms the southern boundary and the
western boundary Is the Snake Plafn.

The study area can be divided Into several general areas
(Figure 111-1), The Swan-Grand Valley lowland Is a northwest
trending basin and range structure that extends from the
Kelly Mountaln area at the north to Alplne, Wyoﬁlng In the
southeast. There It curves to the south and blends Into Star
Valley. These valleys sliope toward the northwest with an
average gradient of 3.6 m per km. The width varies from 7 km
Iin Swan Valley to 0.3 km at Calamity Polnt, the slte of
Pallsades dam. The waters backed up by this dam flll +the
entire length of Grand Valley. The elevation varles from
1850 m at Auburn, Wyoming, to 1550 m south of Lookout

Mountaln. The Kelly Mountain area Is located northwest of
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(Armstrong and Orlel, 1965). The easing of the compressive
forces assoclated with thrusting resulted in the formation of
normal faults along the Swan-Grand Valley lowland. lgneous
rocks complicate the geology in the northwestern portion of
the study area. Proskta and Embree (1978) suggest that
several calderas may be present In this region..

The distribution of hydréullc conductivity throughout
the study area 1Is highly variable. Overall, this area
probably has a relatively high hydraulic conductivity at the
surface which decreases with depth resulting from closing of
fractures and Increasing cementatlion and compaction.

The Swan-Grand Valley lowland Is a graben with at least
300 m of dlisplacement. It has been fllled to Its present

level with an undetermined thickness of alluvium, colluvium,

~and In the northern portion, volcanlics (Figure 111-2). Rocks
of Paleozolc, Mesozolc, and Cenozoic age lie beneath these
valley-fllling materials. Two major faults border this

lowland. The northeastern fault assoclated with this graben
Is the Grand Valley féulf. This hligh angle normal or reverse
fault extends the full length of Swan, Grand, and Star
valleys. The trace of +this faqlf Is hidden most of If$
length by rocks of the late Tertiary and Quaternary age. The
southeastern boundary of +thls graben 1is the Snake River
fault. It extends from the Snake Plalin Iin the northwest to
the Star Valley In the southeast, where It jolns the fault

along the west side of Star Valley. The trace of thls fault
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Is also hldden most of lfsblengfh by rocks of late Tertlary
and Qﬁafernary age. This fault Is a high angle normal fault
that dips to the northeast. The Snake River and Grand Valley
faults may combine to join with the Absaroka thrust (Flgure
I11-3). The downthrown block bounded by these faults Is
intferpreted to be rotated to dip northeastward toward the
Grand Valley fault, Both the Grand Valley and the Snake
River faults are considered active. Witkind (1975) dates the
last activity of the Grand Valley fault as having displaced
beds of Holocene age (5000 years). The Swan Valley fault has
beeﬁ-acflve in the last 20 milllon years and presently shows
a lot of selsmic activity. |

The wunconsolidated sediments 1In the lowland probably
have higher hydraulic conductivities than the older
formations located below and to elther side of them, The
faults on elther side of the valley probably act as a zone of
higher hydraullc conductivity caused by fracturing. This is
suggested by springs located on the trace of these faults.

ODrill logs from wells In Swan Valley Indicate the
potentlal surface Is very near land surface and reflects the
elevation of the Snake River. Galn-loss studlies from Alpine
to Helse by Stearns and others (1937) show that the river
gains water during low flow and loses water during high flow
indicating that bank storage Is a factor In this hydrologlc

system., Most ¢f +the ground water flow In this lowland
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probably occurs In the shallow unconsolidated alluvial
sediments following the course of the valley +toward the
northwest. The relatively low elevatlion of thls area
relative to the mountalin ranges to the north and south,
suggests that this Is a reglonal ground water discharge area.
Discharge from regional flow systems should occur along Snake
River and Grand Vailey faults, not In the Interlor of the
lowland.

The Kelly Mountain area Is on the northeastern boundary
of the Swan-Grand Valley lowland. This area Is made up of
Pllocene rhyolites and welded tuffs that overlle

undifferentiated Paleozolic and Mesozo[c rocks. I+ has been

. mapped as a caldera by Proskta and Embree (1978). The Grand

Valley fault continues through the Kelily Mountaln ares;
several major faults, Including the Helse fault, parallel Its
trend. The Helse fault acts In the same manner ag the Grand
Valley fault, down dropping rocks on Its southern border.
The caldera structure forms a closed basin bordered by
faults, The primary hydraulic conductivity of +the unlts
flliling the caldera Is very low but zones with high hydraullc
conductlvlity are formed by faulting, paleosolls, and
Interflow zones. There are many small springs in this area
assoclated with the zones of high hydraulic conductivity,

some of which are warm. There are no large springs In this

area.




The Caribou Range [s a mountalnous area composed of

Paleozolc and Mesozolc rocks intricately twisted In tight
paralliel folds and broken by faults. These sediments, which
tend to get younger to the north, are made up predominantly
of limestones, sandstones, and shales. The folding of these
sedimentary rocks has affected the distribution of hydraulic
conductivity in two ways. Folding changes the relative
positions of aqulifers and aqulitards and the primary hydraullc
.conductivity 1Is altered by the fracturing assocliated with
folding.

Figure 111-3 shows ftilted and deformed rocks on the
surface wlith attenuation of folding as the depth Increases.
It Is belleved that the bedding planes are approximately
horizontal at depth. The *thrusts are also thought to be
nearly horizontal under the study area. The entire study
area, excepting possible caldera structures In the northern
portlions, has been overthrust with movement toward the
northeast. The depth to the gliding plane of the thrust Is
unknown.

The Caribou Range Is a reglonal high with a high rate of
precipltation and probably Is a recharge area for numerous
local and Intermedlate flow systems. The large amount of
rellef and complex geologlic structure probably limit the
possibility of reglonal flow. The flow systems formed here

are malnly controlled by the stratigraphic units and the
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geologic structures produced by folding and faultling.
Numerous small springs and seeps occur |in the mountalns but
most of these dry up in the late fall. There are only a few
large springs In this area.

Grays Lake Is a swampy low]and located southwest of the
Carlbob Range. This area has lacusterine sediments overlyling
sedimentary rocks of Jurasslc and Cretaceous age. The |lake
Is formed by the accumulation of runoff from fhé surrounding
mountalns; It may be a ground water discharge area.

The Wlllow Creek Hills are located west and are
topographically lower fﬁan the Carlbou Range. The southern
portlon of this area Is made up of Intensely folded and
faulted sedimentary rocks of Cretaceous age which have been
overialin In areas by canyon-filllng basalts. The northern
portlon of thls area has Jurassic and Cretaceous sedimentary
rocks overlaln by siliclc welded tuffs, alr fall volcanics,
and loess. Proskta and Embree (1978) suggesf that there are
calderas In the northern portion of thlis area (Figure I11-2).
Most of the area within the Willow Creek Hills Is mapped on a
reconnalssance level; portlions are unmapped.

The WIlllow Creek Hills area has a lower potentlal for
ground water recharge than the Carlbou Range because It
receives much less precipitation, ‘Most of the springs 1In
this area are small, many of which dry up durlng the fall.
There are also a few perennial medlum-sized springs but no

large springs are present.
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Physical and Chemical Settings of Springs and Wells

lntroduction

Twenty-three springs and two wells were Inventoried In
the study area (Figure 111-4), Short descriptions of the
physical setting and characteristics of fhe.sprlngs and wells
are presented in Table I|il-1, Chemlcal analyses of these
springs and wells are presented In Table lI11=-2. Multiple
analyses for several sites have been presented where the data
are available. The springs inventoried in the study area
have been divided into three groupg for discussion purposes:
thermal springs that discharge highly minerallized wafér,
thermal springs or wells that discharge water with relatively
low concentrations of dissolved sollds, and nonthermal

springs.

Jhermal Springs with High Specific Conductivitles

Seven spring sites are included In thls group: H-3
(1=-3), H-9 (H-10 and I=11), H=16, 1-21 (1-22), H=23 (|-23),
H-26 (W-26), and H-27 (Figure 111-4), The temperatures and
conductivity of the discharges range from 20 to 66°C and 6506
to 11,000 umhos/cm, respectively.

Helse Hot Springs (H=-3 and 1-3). This 48°C spring Is
located at the foot of-a 300 m escarpment. It has deposlited
a 10-meter hligh travertine mound which Is being eroded at Its

base by the Snake River. Helse Hot Springs resort, located
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Table III-1. Physical settings of springs and wells in the vicintiy of the Caribou Range,
southeastern Idaho aind western Wyoming.

Water Elevation Well Depth

Sample Name, Location and Temp. (m above Depth to Water Discharge

Nunber Date Sampled (°c) MSL) (m) (m) (1/s) Site Description

H-1 Elkhorn Warm Spring 20 1580 10 E* This spring is located 2.8 km northwest of Heise Hot
4N 30E 23cadS Springs, 0.2 km north of the Heise fault and emerges
(7-31-80) from rhyolitic tuff. The spring is located within the

southern edge of the Rexburg Caldera Complex.

H-2 Hawley Warm Springs 16 1610 10 E This spring is located 1.5 kn northwest of Heise Hot
4N 40E 25bbdS Springs, 0.2 km north of the Heise fault and emerges
(7-31-80) from rhyolite tuff. The spring is located within the

southern edge of the Rexburg Caldera Complex.

H-3 Heise Hot Springs 48 1540 4 R This spring issues from Tertiary silicic volcanic
4N 40E 25ddaS . rocks within the southern edge of the Rexburg Caldera
(6-18-80) Complex. Two faults, the Heise fault. and an unnamed

. northeast trending fault intersect at this site.
- . .

H-4 Lufklin Spring 8 1770 2 t This spring issues from the contact of Salt Lake for-
3N 42E 2cbbS mation and the Gallatin limestone formation. It is
(6-30-80) located 500 m southwest of the Grand Valley fault.

H-5 Buckland Warm Spring N 1570 1000 This spring flows out of the Gallatin formation and
3N 42E 12cca and cedS may be the primary discharge point for a flow system
{6-18-80) controlled by the thrust plate to the north.

H-6 Unnamed Spring 23 1710 6 Et This spring issues from a rhyolitic tuff. A large
3N 41E 32bbdS northeast trending fault is located 0.2 kn to the
(6-18-80) south.

H-7 Dyer Well 21 1540 121 137 This well probably obtains water from a broken rhyo-
2N 39E 2lbcc lite zone as recorded in the drillers log from 140 to
(7-21-80) 171 m. There is a northeast trending fault mapped

150 m to the west of this well,

H-8 Anderson Well 20 1520 109 76 This well is located 1.6 km soutiwest of the Dyer's
2N 39€ 29bac well. The drillers log indicates rhyolite from 69 to
(7-21-80) 75 m, sandstone (presumably pumice) 95 to 107 m and

rhyolite 107 to 109 m.
® ® ® L [ ] @ ® @
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Table III-1. Continued.
Water Elevation Well
Sample Name, Location and Temp. (m above Depth to Water Discharge
Number Date Sampled (“C) MSL) (1/s) Site Description

H-9 Fall Creek Mineral Springs 24 1660 6 This spring is one of a series of warm springs along
IN 43E 9cbblS the south side of Fall Creek. These springs flow from
(8-5-80) Quaternary alluvium with travertine deposits above

Mission Canyon Limestone. They are associated with
the major norttwest trending Snake River faylt.

H-10  Fall Creek Mineral Springs 23 1660 4 This spring flows in the bottom of the northern most
IN 43E 9cbb2s sink hole. See description under H-9.

(8-5-80)

H-11  Unnamed Spring 9 1770 3 This spring flows from the Salt Lake formation. It
IN 39t 14acaS may originate from Tertiary rhyolite tuff outcropping
(7-22-80) 70 m north of this site.

H-12  Unnamed Spring 13 1680 4 This spring flows from the Salt Lake formation.

IN 40E 19cabs
(7-22-80)

H-13  Unnamed Spring 7 1840 0.7 This spring discharges from alluviun and travertine
IN 44E 30cbdS overlying Mission Canyon Limestone. The spring is
(7-7-80) associated with the norttwest trending Snake River

fault.

H-14  Unnamed Spring 6 1820 2 The spring flows from Salt Lake formation. The major
1S 45E 4adaS northwest trending Grand Valley fault is located in
(7-8-80) this area, but it is concealed by the overlying Salt

Lake formation.

H-15  Unnamed Spring 6 1880 4 This spring is located 300 m west of spring H-14. See
1S 45E 4acas description under H-14.

(7-8-80)

H-16  Unnamed Spring 21 1700 2 This spring flows from fractures in an outcrop of
1S 40E 4abcS Ephriam Conglomerate. A minor fault is mapped at this
(7-22-80) site.

H-17  Unnamed Spring 7 1800 10 This spring issues from the Twin Creek Limestone.
1S 44E 1cbdS




Table III-1. Continued.

Water Elevation Well Depth

Sample Name, Location and Temp. (m above Depth to Water Discharge
Number Date Sampled (°c) MSL) (m) (m) (1/s) Site Description

H-18  Willow Spring 8 2010 6 t This spring flows out of the Wayan formation, on the
1S 41E 36¢ccS axis of a northwest trending syncline.
(6-29-80)

H-19  Unnamed Spring 1 1780 100 E This spring is flowing out of the Nugget formation.
25 44E laccS
(6-20-80)

H-20  Warm Spring 17 2180 10 E This spring flows from near the contact of the Twin
25 44E 9aacS Creek Limestone and the Nugget formation. This site
(7-23-80) is 250 m east of the nortiwest trending axis of the

Big Elk Mountain anticline.
1-21  Alpine Hot Spring 56 1690 1.6 R These springs are reported to discharge from alluvium
g 25 46E 19bS and were depositing travertine; the springs are
(8-39) presently covered by waters of Palisades Reservoir.
These springs are associated with the Snake River
fault.

[-22  Alpine Hot Spring 37 1690 0.6 R See description above.

25 46E 19cadS
(7-27-77)

H-23  Brockman Hot Spring 35 1910 4 R This spring flows out of either the Peterson or
2S 42E 26dcdS Bechler formation. The geology around this spring
(6-27-80) has been complexly folded and faulted by minor faults.

H-24  Unnamed Spring 10 2090 4 E This spring issues from rocks of the Bechler formation
35 42E 15dccS on the west limb of a complexly faulted syncline.
(7-29-80)

H-25  Unnamed Spring 14 2080 3 E This spring is located 100 m southwest of spring H-24.
35 42E 22abbS It flows from the contact of the Bechler and Peterson
(7-6-80) formation on the west limb of a complexly faulted

syncline.
o L ® ® o ® @ o ® 4
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Table III-2. Continued.

Water Specific p

Sample Temp.  Conductance 05 e —_Loncentration in mg/1 (meq/1) ____. Error

Number Name and Location “C (umho /cm) {mg/1) pH Ca Mg Na K 4] F HCO3 504 SiO2 (x)e

H-15 Unnamed Spring 6 410 380 7.4 69 18 0 0 0 0 280 0 13 4.2
1S 4SE 4aca$ {3.4) (1.5) (0) (0) (0) (0) (4.5) (n)

H-16 Unnamed Spring 21 11000 9200 6.6 1o 19- 2800 40 880 4.6 2400 2900 62 3.0
1S 40t 4abcS (5.5) (1.6) (120} {(1.0) (75) (0.2) (10) (60)

H-17 Unnamed Spring 7 400 380 7.1 66 18 0 0 3 0.1z 250 q 34 5.2
1S 44E 1cbdS (3.3) (1.5) (0) (n) {0.1) (0) (4.1) (0. 1)

H-18 Willow Spring 8 450 400 7.1 73 14 4 0 10 . 0.16 280 5 11 5.0
1S 41E 36cccS (3.6) (1.2) (0.2) (0) (0.3) (0) (4.6) {0.1)

H-19 Unnamed Spring 1 230 160 7.1 36 6 0 0 0 0 10 3 6 10.0
25 44E laacS (1.n) (0.5) (n) (0) (0) (0) (1.8) (0.1)

H-20 Warm Spring 17 600 580 7.2 130 27 0 0 1 0.25 160 230 4 6.5
25 44E 9aacS (6.4) (2.2) (0) {0) (0) {0) (2.7) {a.9)

N
0 I-21 Alpine Hot Spri ngs3 56 6800 530 93 1500 190 2400 2.8 920 1100 45 10

25 46E 19bS (26) (7.7) (67) (4.8) (68) (0.1) (15.1) (22)

1-22 Alpine Hot Springs2 37 10000 7100 6.5 560 100 1500 180 2800 2.7 880 1000 40 3.8
25 46E 19cadS (28) (8.2) (65) (4.6) (79) {c.1) (14) (21)

H-23 Broclkman Hot Sprf‘ng 35 8800 7500 6.6 190 33 2000 38 550 2.3 2300 2400 38 .51
25 42E 26dcdS (9.3) {2.7) (89) (1.0) (16) (0.1) (37) (50)

1-23 Brockman Creek W.S.2 ki 8600 7300 6.4 150 41 2100 34 590 2.6 1900 2500 24 1.5
25 42E 26dcdS (7.5) (3.4) (91) (0.9) (17) (0.1) (31) (52)

H-24 Unnamed Spring 10 550 540 7.1 100 25 . 0 0 3 0.16 340 56 13 2.7
35 43¢ 15dccsS (5.2) (2.1 (0) (0) (0.1) (0) (5.6) (1.2)

H-25 Unnamed Spring 14 400 370 7.2 76 10 0 0 4 0.12 270 5 6 A
35S 43E 22abbs - {3.8) (0.8) (0) (0) (0.1) {0) (4.5) (0.1)

H-26 Auburn Hot Springs 57 8000 5700 6.4 510 76 1300 160 1700 3.4 890 1000 68 5.1
33N 119W 23dbds (25) (6.3) (58) (4.1) (49) (0.2) (1) (21)

W-26 Auburn Hot Springs‘ 62 6800 5700 7.5 400 70 1400 140 1700 0.6 860 1100 35 3.0
33N 119 23dbdS (20) (5.8) (61) (3.6) (48) (0) (14) (23)

H-27 Johnson Springs 54 8100 6200 6.4 450 45 1500 180 1900 970 1100 a8 .70

3.8
33N 119W 26adS {?3) (3.7)  (65) (4.5) (55) (0.2) {1v) (24)
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Table III-2. Continued.

* pH meter may have malfunctioned causing inaccurate pH and HCO3 readings

** Charge-balance error, refer to page 58 in text

! Breckenridge and Hinkley, 1978
% Mitchell and others, 1980

3 Ross, 1971

4

Concentrations recorded as 0 mg/1 imply a concentration less than 0.5 mg/l was present ynd that the prucedure could not detect councentratisns less than 0.5 wg/l.
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Table III-1. Continued.

Water Elevation Well
Depth to Water Discharge
(1/s)

Site Description

Sample Name, Location and Temp. {m above
Number Date Sampled (°C) MSL)
H-26  Auburn Hot Springs 57 1850
33N 119W 23dhdS
(7-25-80)
H-27  Johnson Springs 54 1850
33N 119W 26adS
(7-25-80)

0.01

These springs discharge from the Dimwoody formation on
the axis of the northwest trending Hemmert anticline.
Two faults, the Hemmert fault and the Freedom fault
Join at this site. Extensive deposits of travertine
and free sulphur are present at these springs.

This spring is located 1.6 km south of Auburn Hot
Springs. The spring flows from a large travertine

‘mound that overlies alluvium and at some depth, the

Dinwoody formation. The trace of the Hemmert anti-
cline and fault lie beneath this site.

*Accuracy of measurement
E = Estimated discharge
R = Reported Discharge
A11 others measured.
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Table III-2. Hydrochewistry of springs and wells in the vicinity of the Caribou Range, southcastern

Idaho and western Wyoming.

Water Specific 4
Sample Temp.  Conductance T0S . Concentration in mg/1 {meq/1) . _ Error
Nunber Name and Location °C (umho/an) (mg/1) pH Ca Mg Na K C1 F HCO3 S04 Si()2 (1)
H-1 Elkhorn Warm Spring 20 390 340 6.6 30 10 14 0 5 0.78 190 7 83 7.1
4N 40E 23cadS (1.5) (0.8) (0.6) {0) (0.1} (0) (3.0) (0.1)
H-2 Hawley Warm Spring 16 350 340 7.5 36 10 10 0 4 0.7 190 5 88 4.4
4N 40E 25bbdS (1.8) (0.8) (0.4) (0) (0.1) (0) (3.1) (0.1)
-3 Heise Hot Springs 48 6500 7600 6.1* 680 81 1500 200 2300 3.1 2100* 720 58 1.8
4N 40E 25ddas (34) (6.7) (65) (5.2) (65) (0.2) (3%) (15)
-3 lieise Hot Springs2 49 8800 6500 6.7 450 82 1500 190 2400 3.1 1100 140 30 .99
4N 40E 25ddas (23) (6.7)  (65) (4.9)  (68) (0.2) (18) (15)
H-4 Lufklin Spring 8 450 530 6.9 130 0 0 0 2 0 380 5 9 1.7
3N 42E 2cbbS (6.6) (0) {0) (0) (0.1) (0) (6.2) (0.1)
H-5 Buckland Warn Spring n 830 680 7.0 110 26 3 0 38 0.14 350 110 13 .04
3N 42E 12cca + ccdS (5.6) (2.1) (1.3) (0) (1.1)  (0) (5.7) (2.3)
H-6 Unnamed Spring 23 650 550 7.2 n 19 44 0 " 42 0.14 270 51 49 2.4
3N 41E 32bbdS (3.5) (1.6) (1.9) (0) (1.2) (0) (4.4) (1.1)
H-7 Dyer Well 2] 530 440 7.1 50 13 50 3 6] 0.29 190 1 68 9.2
. 2N 39E 21bcc (2.5) (1.1) (2.2) (0.1) (1.7) (0) (3.1) (0)
H-8 Anderson Well 20 520 470 7.7 50 10 45 7 45 0.44 200 0 110 9.0
2N 39E 29bac (2.5) (0.8) (2.0) (0.2) (1.3) (o) (3.3) (o)
H-9 Fall Creek Mineral Springs 24 7800 5500 6.2 470 100 1100 120 1900 1.4 1500 330 15 1.4
IN 43€E 9cbbls (24) (68.2) (46) (3.0) (52) (u.1) (24) (6.8)
H-10 Fall Creek Mineral Springs 23 68U0 5100 6.2 430 88 1100 110 1700 1.3 1300 330 17 2.1
IN 43E 9cbb2s (22) (7.2) (46) (2.8) (46) (0.1) (21) (6.8)
I-10 Fall Creek Mineral Springsz 25 7900 5300 6.3 440 96 1110 120 1900 1.7 1200 39 11 .16
IN 43E 9cbbS (22) (7.9) (48) (3.1) (54) (0.1) {20) (8.1}
H-11 Unnamed Spring 9 470 a0 7.0 48 17 15 0 38 0.18 210 3 7 1.4
IN 39 14acaS (2.4) (1.4) (0.7) (0) (1.1) (0) (3.4) (0.1)
H-12 Unnamed Spring 13 300 320 1.2 39 6 5 0 4 0.21 160 0 110 .44
IN 40E 19cabS : (1.9) (0.5) (0.2) (0) (0.1) (0) (2.6) (0)
H-13 Unnamed Spring 7 450 40 7.1 85 10 3 0 7 0.26 310 8 49 1.9
IN 44E 30cbdS (4.2)  (0.8) (0.1)  (0) (0.2) (0) (5.0) (0.2)
H-14 Unnamed Spring 6 390 340 7.4 60 16 0 0 0 0 250 3 15 1.0
1S 45E 4adas (3.0)  (1.3) (0) (0) (0) (0) (4.2) (0.1)
® @ ® o o o - @ - @




0.2 km northeast of the springs, has used water from thils
spring since the late 1800's for recreational purposes.

Helse Hot Springs Is located in a structurally complex
area. This spring Is assoclated with two faults. The Helse
fault, a major northwest trending normal fault, runs through
the spring site, and a smaller arcuate shaped fault meets the
Helse fault from the north less than 100 m to the east of the
spring. The area south of the Helse fault Is covered by
alluvial sediments deposited by the Snake River. The smaller
northeast-trending fault north of the Helse fault separates
Tertlary 'Et\yol ltlc tuff +o0o the northwest, and
undlfférenflafed Mesozolc and Paleozolc rocks to the
southeast, The springs flow from the Tertlary rhyollte
cover at thls slte by a mantle of travertine and coluvium
(Proskta and Embree, 1978). The spring site Is located near
older sedimentary rocks as Indicated by a 100-meter well
drillied about 100 m north of the springs In 1936. This well
encountered only a small amount of water and drllled through
what was desrlbed as gray, plink, and blue |imestone (Stearns
and others, 1938).

Utillzing the gravity and magnetic data Mabey reports:

The most prominent local gravity and magnetic
anomalles are hlighs within the Rexburg caldera
complex In the area of Heise Hot Springs. Although
the crests of the anomalies are coincident, the
extent of the anomalles are different and they cannot
reflect entirely the same mass. Meszolic sedimentary
rocks overlain by Pllocene rhyolite flows and welded

tuffs are exposed In the area of the anomalles.
Rhyolite dikes are Jlocally abundant. The
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norfhwesf—frending Helise fault (Prostka and Hackman,
1974), which forms a southwest facing scarp locally
300 m high, 1Is parallel to and near the crest of the g‘
anomalles. The correlation between the gravity high :

and outcropping Mesozoic sedimentary rock suggests
that the gravity anomaly reflects In large part a
structural high elevating the more dense pre-Tertlary
rocks. The shape and extent of the magnetic anomaly,
the abundant rhyolite dikes In the area, and the

Indlication by the magnetic gradlents that the source ‘;.
Iles below the surface all suggest that a major part

of the magnetic high Is produced by a large burled

Intrusive body. Some features of the magnetic

anomaly reflect the near-surface volcanic rocks.

Helse Hot Springs and the warm springs to the
northwest occur along the crest of +he gravity and
magnetlic highs. The springs are In a structurally
complex area where northwest-trending faults,
probably related to the Basin and Range structure of
Swan and Grand valleys, displace a structural high '.
over the Inferred Intrusive body. Although the Helse
fault forms a prominent southwest-facing scarp and
the presence of the Snake RIver agalnst this scarp
attests to recent movement of +he fault, +the
geophysical data indicate that the Heise fault 1Is
near the crest of the structural high... The gravity ®
anomaly Is attributed to a high on the surface of the
pre-Cenozoic rocks at Helse Hot Springs and to an
area of thicker Cenozolc rocks under the valley of
the Snake RlIver to the southwest. The depresslion
contalnig the thicker Cenozolc rocks Is parallel to

and within a northwestward projJection of +the : PY
Swan-Grand Valley +trend Into the Rexburg caldera
complex. The magnetic anomaly has two major

components: a local high at Helse Hot Springs
superimposed on broader, more deeply burled source.
Both components probably reflect a large body of

Intrusive rock with the apex near Helse Hot Springs. ®
The Intrusive mass, which may be the same age as the
rhyollte dikes, lles within the Rexburg caldera

complex where the Swan-Grand valley trend intersects
the caldera (Mabey, 1978, p. 12-16).

Thls spring deposlits travertine, gypsum, and free sulfur @
and has a hydrogen sulfide odor. The minerallzed water has a %
specliflc conductance of 6500 ymhos/cm and a pH of 6.7 (Young

and Mitchell, 1973). Sodium and chloride are the domlnant ®
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lons In this water. A subsurface temperature of 79°C was

estimated using a slilical 'geofhermomefer assuming quartz
equllibrium and conductlive cooling (Mitchell and others,
1980).

Eall Creek Mineral Springs (H-9, H=10, and 1=10).
Several springs and seeps dlscharge water along a 1.2 km
reach of Fall Creek (Figure |11-4), The warmest sprlng (H=-9)
is 24°C and flows from a travertine deposit located next to
the creek. Sample H-10 was collected from the bottom of a
sinkhole where the water emerges to the surface for +the
distance of a ﬁefer and then disappears Into a solution
channel In the cavernous rock. Travertine deposits flll the
valley floor the entire length of the springs. The springs
dlScharge from the Mission Canyon Limestone and are
assoclated with the northwest-trending Snake River fault
(Jobin and Schroeder, 1964a). | '

These springs deposit free sulfur and fraQerflne and
glve off a strong hydrogen sulfide odor. Two other large
deposits of travertine are located at a higher elevation on a
ridge 0.5 and 1.6 km west of the springs. There are no
springs assoclated with these deposits and thelr surface
ele;aflon ranges from 1680 to 1840 m.

The water from Fall Creek Mineral Springs have speclflic
conductance values of.7800 and 6800 umhos/cm and a pH of 6.2.

The dominant Jfons are sodium and chloride. The subsurface
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temperature may be as high as 40°C as Indicated by the quartz
geothermometer (Mitchell and others, 1980).

Alpine Hot Springs (1-21 and 1-22). These springs are
~presently located under Pallsades Reservoir (Figure 111=-4),
The data presented here are based upon an Investigation of
the slte prior to the creation of the reservoir and during a
vislt when the water level was low In the reservolir. The
springs flow from Quaternary alluvium and are assoclated with
the Snake Rliver fault (Gardner, 1961). The springs were
located on both sides of the former channel of the river.
Six springs on the west slde of the river had temperatures
ranglng from 31 to 62°C. An excellent description of this
area was given by Bradley (Hayden, 1873). Hls measurements
are converted to metrlic units In the paragraph below +to
malintain conslsféncy in this report.

Here also Is located a cluster of warm springs,

making calcareous, sulphurous, and saline deposits.

The largest spring, the Washtub, has built up a

tlaring table, 0.3 m high, of an oval form, measurling

about 1.4 m by 2.3 m, upon a mound conslsting of
calcarlous mud, scarcely solidified, of from 1.5 +to

2.1 m above the creek bottom in which it stands. The

central table has contracted so as to crack across

diagonally, and the flow now escapes at Its western
base, depositing a fine mud tinged in the full pools

with a faint sulphur-yellow, but pure white in the
dry ones. These pools cover the mound in descendlng

steps of great beauty. The present flow Is
southward, though It has been on all slides 1iIn
successlion. One mound, no longer active Is 1.5 m

high, with a circular base of about 1.5 m.dlamter and
an oval summlt of about 0.3 m by 2.4 cm. Many small
springs escape along the bank for 90 m or more. The
deposits vary greatly In color. At some points the
odors of sulphuorous acld and of sulphureted hydrogen
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were quite noticeable. The older deposits have built
up a bank 3 m high along the base of the terrace, and
the beavers have taken possesslion and have dammed up
on It the waters of the cold springs which flow from
the second terrace at short Intervals along this
plain. On the opposite shore two consliderable
springs have bullt up thelr deposits against the foot
of the mountaln, one of which appears to be nearly
dead. The hlghest temperature observed here was
62.2°C. The Washtub gave 61.6°C and others 61.1°,
32.2° and 31.1°, etc. (Hayden, 1873, p. 269).

On the east side of the river there were two maln
springs and several smaller ones wlth temperatures ranging
from 49 to 66°C (Stearns and others, 1937). The wide range
of temperatures in these springs iIndicate that warm and cold
ground water Is mixing before reaching the surface.

There are two analyses for Alpine Hot Springs. Ross
(1971) reports an analysis (1-21) performed in August of
1939. This sample has a total dissolved sollds of 6800 mg/l,
no reading for speclflic conductance, and a temperature of
56°C. The dominant lons are sodlum and chloride. The other
analysis was obtalned In 1977 when the water level In the
reservolr was particularly low. The water has a speciflic
electrical conductance of 10,000 umhos/cm, a total dissolved
sollds of 7,100 mg/l, a temperature of 37°C, and a pH of 6.5.
The dominant lons are sodium and chloride. The subsurface
temperature as Indicated by a chalcedony geothermometer
(sillica temperature assuming equlilibrium with chalcedony and

conductive cooillng, l.e., no steam loss) may be as hligh as

61°C for 1-22 (Mitchell and others, 1980).
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Auburn Hot Springs and Johnson Springs (H=26, W-26, and
H=27). Auburn Hot Springs is located 1.6 km north of Johnson
springs (Flgure 111-4). Auburn Hot Springs flow from over
100 vents over a 1.2 hectacre area. The maximum temperature
measured Is 62°C (Breckenridge and Hinkley, 1978). Johnson
Springs consist of flve travertine cones, 1.5 to 2.4 m high,
?Ifh a small spring and several seeps,>on and around them,
The temperature of this spring Is 54°C. Both groups of
springs glve off the odor of hydrogen sulfide and deposit
free sulfur along with the travertline.

These sprlings occur on the axls of the north-south
trending Hemmert anticline. Two deep seated faults, +the
Hemmert fault which follows the crest of the anticline, and
Freedom fault that roughly parallels this anticliine one km to
the west, join at Auburn Hot Springs. Both are westward
dippling faults with 200 and 800 m of displacement,
respectively. The Auburn fault, located 0.5 km west of the
Freedom fault, Is Interpreted as an eastward dipping normal
fault with as much as 2 km of displacement (Hinkley and
Breckenridge, 1977). The springs emerge from the Dinwoody
Formation of lower Triasslc age (Mansfleld, 1927). The
roughly |lnear arrangement of these springs and other
travertine deposlits located 13 km north on the same trend
suggest that these springs are structurally controlled.

Breckenrlidge and Hinkley (1978) suggest a model whereby
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meteoric water are heated at depth, perhaps by a cooling
magma body, and migrate to the surface.

Auburn Hot Springs has a speciflic electrical
conductlivity of 8,000 umohs/cm and a pH of 6.4. The dominant
lons are sodium and chloride. Johnson Springs has a similar
chemical composition with a speciflc electrical conductance
of 8,1001mhos/cm and a pH of 6.4, The dominant fions are
sodium and chlorlde. Usling S10, and Na-K-Ca geothermometry,
Renner and other (1975) estimated a reservolir temperature of
150°C at Auburn Hot Springs.

Unnamed Springs at 1N 40E 4abcS (H-16). These springs
are located In the bottom of a canyon formed by Willow Creek
(Figure 111-4). The springs dlscharge water at a temperature
of 21°C from rocks of the Gannett Group. They flow from
fractures In an outcrop of chert pebble conglomerate at the
base of the Ephriam Conglomerate. A northeast-trending fault
intersects this site from the north displacling the Peterson
Limestone, placing Bechler Conglomerate against the Ephriam
Conglomerate (Mansfleld, 1952). The geology Is complicated
by rhyolite tuffs, basalts, and the Salt Lake Formation
which conceal most of the older sedimentary rocks where they
have been exposed by the eroslion by Willow Creek.

The springs glve off an odorless gas, presumably carbon
dioxlde. Travertine deposits are located In rocks of the

Bechler Formation west of the present springs. Saline
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deposits surround the springs. These springs have a high
speciflc electrical conductance of 11,000 umhos/cm and a pH
ot 6.6. The dominant lons are sodlum and sulfate.

Brockman Hot Springs (H-23 and 1-23). These springs
flow from several small seeps and a 1.2 m diameter pool! Into
Brockman Creek (Figure I111-4). The springs have a
temperature of 35°C and they glve off an odorless gas,
presumbly carbon dloxlide. Traverflne deposits surround the
spring and an Inactive travertine mound Is located a short
distance to the south.

The area around the spring site Is complexly folded and
faul ted. This spring flows out of Quaternary alluvium
overlying Bechler Congiomerate or Peterson Limestone.
Several mlnor faults run through the area, the nearest of
which is 200 m to the north (Gardner, 1961). A major
northwest trending fault Is located 1.7 km northeast of the
spring.

This spring has a speciflc electrical conductance of
8,800 umhos/cm and a pH of 6.6. The dominant ions in thils
water are sodlum and sulfate. The subsurface temperature
from sample 1-23 may be as high as 38°C as Indicated by the

chalcedony geothermometer (Mitchell and others, 1980),

Ihermal Springs with Low Speclflc Conductivities
Four springs (H-1, H-2, H-6, and H-20) and two wells

(H=-7 and H-8) are included In +this group (Figure 111-4),
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Temperatures ranged from 16 to 23°C wlith speciflc
conductlivities from 350 to 650 umhos/cm.

Elkhorn and Hawley Warm Springs (H-1 and H=2). Elkhorn
and Hawley Warm Springs are located 2.8 and 1.5 km northwest
of Helse Hot Springs, respectlvely. Both springs are located
on the escarpment formed by the Helse fault at an elevation
of 40 to 70 m above Helse Hot Springs. The intrusive body
suggested by Mabey (1978) to be under Helse Hot Springs Is
also believed to underile these two springs. These springs
emerge from relatively flat |ying rhyolite tuffs on the
southern edge of the Rexburg Caldera Complex (Proskta and
Embree,_1978). These sprlng§ do not have assoclated
travertine deposits and do not give off any gaseous odors.

Elkhorn Warm Spring has as speclflc conductance of 390
umhos/cm, a temperature of 16°C, and a pH measurement of 6.6.
The dominant lons are calcium and bicarbonate. Hawley Warm
Spring has a speclfic electrial conductance of 350 umhos/cm,
a temperature of 20°C, and a pH of 7.5. The domlnant lons
are calclum and blcarbonate.

Unnamed Spring at 3N 41E 32bhbdS (H=6). This 23°C spring
dlscharges from a densely welded ash-flow tuff named Tuff of
Spring Creek within the postulated WIillow Creek caldera
(Protska and Embree, 1978). This tuff may only form a thin
coverlng overlying older Mesozoic and Paleozolc rocks. This
Is suggested by an exploration oll well (Sorenson No. 1)

drilled 2 km to the east which intersected the Nugget
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Formation at a depth of 6 meters (Savage, 1961). A 9.3 km
long, northeast trending fault Is located 0.2 km to the south
of this spring site.

This spring has a speciflic electrical conductance of 650
wmhos/cm and a pH of 7.2. The dominant ions In this water
are calclum and bicarbonate.

Dyer and Anderson MWells (H-7 and H:ﬁl. These two wells
are representatives of a group of warm water wells Iocafed In
a subdlivision called Rim Rock Estates on the bench east of
ldaho Falls. The wells are located 1.6 km apart with the
Dyer well located northeast of the Anderson well. They have
temperatures of 21 and 20°C, respectively. Tertlary Salt
Lake Formatlion is mapped at the well sites wlith outcrops of
rhyolite welded tuffs and assoclated ash nearby (Mansflield,
1952). The Salt Lake Formation mapped In this area appears
to be a thin covering overlying the welded tuffs. The drill
log- for the Dyer well indlcates fhaf the water Is obtained
from fractured rhyolite. There Is a northwest trending fault
mapped 0.2 km west of thils well. In the Anderson well, the
drillers log reports that the water Is coming from sandstone
(pumlice?) or rhyollte.

The chemistries of these wells are similar. The
sﬁeclflc elecfrléal conductivity values are 520-530pmhos/cm
and the pH is 7.7. The dominant lons present are calcium and

blcarbonate.
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Warm Spring (H-20). Warm Spring (H-20) Is located at an
elevation of 2180 m on the northwestern flank of Big Elk
Mountaln. Extensive deposits of travertine are present below
the spring site. The spring surfaces near the contact of the
Twin Creek LIimestone and Nugget Sandstone. Beds of gypsum .
and anhydrite have been found at the base of the Twln Creek
Limestone at some |ocations In Idaho and Wyoming. The
presence of thls bed would account for the hlgh
concentrations of calcium and sulfate In the water. This
slte Is located 250 m west of the axls of the Blg Elk
Mountain anticline. Sun-Sinclalr drilled an oll exploration
well oh the axis of the Big Elk Mountain anticline 4.8 km
southeast of the spring site. The fluld from the Wells
Formation was tested at a depth of 1534 to 1545 m at a
recorded temperature of 103°C.

The water from this spring has a specific electrial
conductance of 600 umhos/cm. The pH Is 7.2 and the domlnant
lons are calcium and sulfate.

Nonthermal Springs. Twelve springs In this study area
have low temperatures and low speclific conductivities: H-4,
H-5, H-11, H=-12, H-13, H-14, H=-15, H-17, H-18, H-19, H-24,
and H-25 (Flgure 111-4). Thelr temperatures range from 6 to
14°C with specific electrical conductivities from 230 to 830
mhos/cm. Detailed descriptions of these springs are given

by Hubbell (1981).

81




Analyslis of Data

lntroduction. The physlical data collection at each slite
Included Information regarding the characteristics of the
geologlc setting such as the structural features near the
springs and the formatlions froh which they flow, the water
temperature, the estimated or reported rate of'dlscharge, the
locatlion, and the elevatlon. The geologic setting of the
springs and wells provide Information on the structural
features Influencing ground water flow and Indlcates which
formations arevaqulfers. The relatlonship between
temperature and discharge provides Information regarding the
amount of deep ground water flow.

Structural Controls on Springs  and  Wells. The most
Important factor Influencing ground water flow paths Is the
spatial distribution of hydraulilc conductivity. This
distribution Is controlled by structural features such as
folds and faults and the hydraulic properties of the
formations. Structural controls are geologlc features
produced in rocks after depositlon and often after
consolldation. Faults may affecf‘ground water flow In three
ways. A fault may act as a condult to flow, as a barrler to
flow, or may have no affect. In addlition, the offset in beds
produced by the fault may place formations of dlfferfng

hydraullc characteristics against each other.
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Thrust faults are pominant structural features 1In
southeastern I|daho. The study area Is bordered on three
sides by the surface exposures of these faults and they pass
beneath this area at varlous depths (Figure 1I11-4,
cross-section A-A'), Only one thrust fault has been mapped
In the Interior of the study area; there are no springs
assocliated with this particular thrust fault. Data presented
in Chapter |l suggest that the Meade thrust fault may not act
as a barrier to ground water flow except as a secondary
control! 1In positioning Illthologles with hlgh hydraulic
conductlvities against those wlth low hydraulic
conductivities. The hydrogeologic Importance of thrust
faulting 1Is probably markedly different near the surface
where it cuts across individual units from the character of
the faulting at depth where It 1Is probably parallel *to
bedding.

Only one spring In the study area appears to be
controlled by a thrust fault. Buckland Warm Spring (H=5)
flows from a block of Gallatin Limestone thrust over Mission
Canyon Limestone by the Baldy Mountain thrust fault. This

2 and Is belleved to be less than

overthrust plate covers 3 km
200 m thick (Stsatz and Albee, 1966). Buckland Warm Spring
emerges at the surface trace of the thrust fault and may act
as a draln, discharging ground water from the overthrust

plate. However, calculations using the recorded discharge of

460 1/s along with the slze of the overthrust plate (3 km?)
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indicate that the recharge must be approximately 7 m/year to
maintaln the discharge rate. The recharge area supplylng
water for +this spring Is obviously much larger than this
overthrust plate. |

The next mosf prominant structural features in the area
are the graben forming faults along the Swan, Grand, and Star
valleys. These faulfs.probably create zones of hligh
hydraullic conductivity along thelr paths. These faults
extend very deep and probably Influence all but the deepest
flow systems (Figure 111-3).

Five thermal springs are asoclated with the faults along
the edge of the Swan, Grand, and Star valleys. They are
Helse Hot Springs (H-3 and |-3), Fall Creek Mineral Springs
(H-9, H-10, and [-10), Alpine Hot Springs (1-21 and 1-22),
Auburn Hot Springs (H-26 and W-26), and Johnson Springs
(H=27). Two other thermal springs, Elkhorn and Hawley warm
springs (H-1 and H-2) are located near one of the major
graben forming faults; however, these springs are noft
belleved to be controlled by thls fault but rather by zones
of higher hydraullic conductivity In the Rexburg Caldera
Complex. Flve nonthermal springs (H-4, H-5, H-13, H-14 and
H-15) are located near elther the Snake River or the Grand
Valley faults. 1t Is not known If these springs are directily

controlled by these faults.
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SIx more of the springs examined in thls area are
associated with minor faults. Four of these springs (H-6,
H-7, H-16, and H-23) have warm temperatures; ground water is
belleved to move up the fault trace from depth. The

remalnling two sprlngs (H-24 and H-25) are located In an

.intensely faulted area.

Geologlc Formations Assoclated wlth Spring and Mell
Slites. The springs and wells sampled In the study area
discharge from ten different formatlions ranglng from Recent
alluvial sedlments to Cambrian Limestone (Table 111-3).
Most of the springs examined in the study area flow from
zones of secondary hydraullc conductlivity caused by faulting.
The fault areas probably have conslderably higher hydraulic
coductivity than the undistrubed portions of the formatlions.
The relationship between spring location and stratigraphic
unit may thus be an Indirect Indicator of regional hyraulic
properties of rocks.

Discharge of Springs. The totel discharge of springs
examlined In thls area |Is Inveréely proportional to the
temperature. The springs In thls study wlth temperatures
less than 15.5°C'have a total discharge of approximately 1200
I/s. The two largest springs have discharges of 100 and 1000
1/s. The springs wifh temperatures of 15.5 to 39°C have a
total discharge of approximately 60 1|/s. The largest of

.

these springs has a dlscharge'of 10 I/s. The total discharge




Table III-3. Geologic formation associated with springs and
wells in the vicinity of the Caribou Range, south-
eastern Idaho and western Wyoming.

Geologic Formation

or Rock Unit Spring Number
Alluvium [-21*, [-22%* )
Salt Lake , H-11, H-12, H-14*, H-15*
RhyoTlite H-1*, H-2*, H-3*, H-6*, H-7*, H-8
Wayan ‘ H-18
Bechler H-24*, H-23*

: or

Peterson H-25*, H-23*
Ephriam H-16*
Twin Creek Limestone H-17, H-20
Nugget H-19, H?EO
Dinwoody H-26*, H-27*
Mission Canyon Limestone H-9*, H-10*, H-13*
Gallatin Limestone H-4*, H-5*

*spring is located near fault
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note that each spring Is located In a local topographic low
with one exceptlion. Warh Spring (H-20) dlscharges at an

elevation of 2180 m near the crest of the Carlbou Range.

Analyslis of Springs and Wells Utillzing Chemical Data

The chemical compositon of the water discharging from a
spring Is the result of a complicated set of Interactions
determined by the chemical characteristics of the porous
media through which it moves, the rate at which It flows, and
the temperature and pressure of the ground water along Its
flow path. The chemical analysis of the water from a spring
or well provides information on the rocks that chemlically
interacted with the water, the relatlive length of the ground
water flow path, t+he rate of flow, and the maximum
temperature along the flow path. The combined
interpretation of the chemical and physical data can be used
to describe probable ground water flow systems.

Evolution of Major lons 1n Ground Water Flow Systems.
Chebolarev (1955) concluded that ground water changes Its
character chemically toward seawater as It moves along Its
flow path from recharge area to discharge area. He noted that
dominant anlon species evolve In the following manner along a

ground water flow path (Freeze and Cherry, 1979, p. 242):

- - 2 2
HCO3 ~ HCOZ + S0, + SO,

2-

2_
* 4

4 e C]-

+ HCO; + SO C1” > C1™ + 50

Increasing age and distance of flow path -
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of springs with temperatures above 39°C Is approximately
9 I/s; the largest spring In thls group has a discharge of
4 1/s. The small total discharge of the thermal water
Indicates that most ground water movement Is relatively
shallow.

The discharge-temperature relatlonshjp described for the
study area In southeastern ldaho flts the general homogeneous
models of flow systems as presented by Toth (1963) and Freeze
and Witherspoon (1966, 1967). They found that approximately
90 percent of the total ground water In a homogeneous system
circulates to very shallow depths and the remalning portion,
In decreasing amounts, circulates to greater depths.

The rate of dlscharge varles over the course of the year
for most springs. The amount of fluctuation In dlscharge Is
a function of the length of the flow path. The discharge
from local flow systems fluctuates greatly, often ceasling
during the vyear; Intermediate flow systems have the least
fluctuation of all. Only one of the springs In this area has
been measured at different tImes of the year. The large
discharge varlation in Buckland Warm Springs indicates that
at least a‘porflon of the flow Is suppllied by ground water
with a short flow path.

Elevation of Discharge. The elevations of springs and
wells In thls area range from 1530 to 2180 m. There appears
to be no dlrect correlation between the elevation of spring

discharge and water temperature. However, It Is Important to
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Bicarbonate 1is the dominant lon in +the beginning of the
anion evolution. The sulfate concentration increases with
Increasing time and distance untll it iIs the domlnant anlon
and blcarbonate is secondary. Thls process proceeds until
chloride 1Is +the dominant anion. The evolutlion of the anlon
specles Is controlled by two variables, the avallabllity of
minerals and the mineral solubillty.

The cycle begins In the form of precipltation. Moisture
moving through the soll zone Is charged with carbon dioxlde
which reacts with the water to form a blcarbonate and a
hydrogen lon. The hydrogen 1lon may react with calcite to
form another bicarbonate plus a caicium ion. The upper
limlits of the concentrations attained by these reactions are
controlled by the solubillty of calcite and dolomite and the
partlal pressure of carbon dloxide. Sulfate concentrations
Increase In ground water along Its flow path untll It Is the
dominant lon. This process requires a long flow path because
the major soures of sulfate 1In ground water, gypsum and
anydrite, are generlly present only In +trace amounts.
Chioride may evolve to where It is the dominant anion sbecles
In some reglons where the ground water s traveling through a
deep ground water basin composed of sedimentary rocks.

The anion evolution can be <correlated to Domenico's
three ground water zones:

1. The upper zone - This zone Is characterized by a hlgh

rate of ground water flushing +through well Jeached
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sedlmenfs. The dominant anfon in +this water |Is
bicarbonate. This water <commonly has a |ow total
dissolved sollds.

2. The intermediate zone - fhls zone has less flushling
actions than the wupper zone and a higher concentration
of total dissolved solids, The dominant anion In +thls
water Is sulfate.

3. The Lower zone - The clirculation of ground water at thlis
zone |Is nearly stagnant with neariy wunleached rocks.
This water has highiy mineralized water and the domlnant
anion Is chlorided (Domenico, 1972, p. 292).

The anlon evolution sequence provides informatlion regarding

the flow path of +the ground water. It must be wused wlth

care because thls process can be short circuited - when the
ground water comes in éonfacf with soluble sediments such as
evaporites. The use of the anlon evolutlon sequence is also
dependent wupon the fact +that the water flows through the
same types of rocks throughout the system. Catlon evolution

Is not used because the sequence Is often reversed due +to

catlon exchange.

The water analyses may be used to indicate the length of
the ground water flow system In the study area by using the
three dominant anlon species, bicarbonate, sulfate, and
chloride. The relative flow lengths are presented 1I[n Table

I11-4 with a blcarbonate water Indicated as short system, a
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Table I11-4.

Results of analyses tc determine relative length of flew

paths by dominant anions and total dissolved solids and
groups formed by cluster analysis in the vicintiy of the
Caribou Range, southeastern Idaho and wastern Wyoming.

Relative Length of Flow Path

Total Cluster
Sample Temp Dominant Dissolved Analysis
Nunber Sample Name and Location °C Anion Solids Group

H-1 Elkhorn Warm Spring 20 short short 1
4N 40E 23cadS

H-2 Hawley Warm Spring 16 short short 1
4N 40E 25bbdS »

H-3, I-3 Heise Hot Springs 48 Tong long 2
4N 40E 25ddas :

H-4 Lufklin Spring 8 short short 1
3N 42E 2cbbS

H-5 Buckland Warm Spring 1 short short ]
3N 42E 12cca and ccdS

H-6 Unnamed Spring 23 short short 1
3N 41E 32bbdS

H-7 Dyer Well 21 short short 1
2N 39E 21bcc

H-8 Anderson Well 20 short short ]
2N 39E 29bac

H-9 Fall Creek Mineral Springs 24 long long 2
IN 43E 9cbbis

H-10, I-10 Fall Creek Mineral Springs 23 long Tong 2
IN 43E 9cbbS

H-11 Unnamed Spring 9 short short 1
TN 39E 14acaS

H-12 Unnamed Spring 13 short short 1
IN 40E 19cab$

H-13 Unnamed Spring 7 short short 1
IN 44E 30cbdS

H-14 Unnamed Spring 6 short short 1
IN 45E 4adas

H-15 Unnamed Spring 6 short short ]
1N 45E 4acasS

H-16 Unnamed Spring 21 intermediate long 2
1S 40E 4dabceS

H-17 Unnamed Spring 7 short short 1
1S 44E 1cbdS

H-18 Willow Springs 8 short short 1
1S 41E 36cccS

H-19 Unnamed Spring 1 short short 1
2S 44E laccS

H-20 Warm Spring 17 intermediate short 1 |
2S 44E 9aacS

1-21, 1-22 Alpine Hot Springs 56 tong Tong 2
2S 46E 19cadS 37

H-23, I-23 Brockman Hot Springs 35 intermediate long 2

: 2S5 42E 26dcdS
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Table III-4. Continued.

Relative Length of Flow Path

Total Cluster
Sample Temp Dominant Dissolved Anailysis
Number Sample Name and Location °C Anion Solids Group
H-24 Unnamed Spring 10 short . short 1
35 43E 15dccS
H-25 Unnamed Spring 14 short short 1
35S 43E 22abbs
H=-26, W-26 Auburn Hot Springs 57 long long 2
33N 119W 23dbdS
H-27 Johnson Springs 54 long long 2

I3N 11MW 26adS
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sulfate water as Intermediate, and a chloride domlnant water
as a long flow system. )
lotal Dlssolved Seollds as an lIndicator of Flow Path
Length. The concentration of total dissolved sollds can also
be used as an Indicator of the length of a ground water flow

system. As ground water moves along its flow path from

‘recharge area to discharge area It will attaln higher

concentrations of dissolved sollds. Total dissolved sollds
cannot be specificaily correlated to a time or distance In a
flow path except to say that the concentrations of +total
dissolved sollds increase with the dlstance of travel. This
generallzatlon assumes that the water does not come In
contact with formatlons contalining highly soluble minerals,
the temperature 1Is constant throughout the flow path, and
that the water flows through the same type of rocks
throughout the system. The results from thls generalization
are presented In Table I|ll-4. The concentrations of total
dissoived sollds of 4000 to 11,000 mg/l (long flow systems)
and a low total dissolved sollds of 100 to 700 mg/| (shorter
flow systems).
‘Classification of Springs and MWells Using WATEQE.
WATEQF 1Is the Fortran IV version of +the WATEQ computer
program written by Truesdell and Jones in 1973. It models
the equlliibrium distribution of Inorganic lons and complex

specles In solution using the chemical analysis and
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measurements of pH and temperature as input. The calculation
is performed In the following manner:

The water analysis Is read In and lon concentrations
are converted to molallty. All values of equillibrium
constants are recalculated to the temperature of
Interest using the van't Hoff equatlion, unless
experimental data are avallable. A catlion-anion
balance Is calculated. If the charge balance error
Is greater than 30%, calculatlion is terminated at
this point... As a final preparatory calculation,
the Debye-Huckel solvent constants are corrected for
temperature.

During the next phase of computation, slingle-ion
activity coefficlents are calculiated using the Davies
equation or the Debye-Huckel approximation. With
these, the activities of all possible aqueous species
can then be computed. The distributlion of these
specles Is then calculated by means of a chemical
model, whlch uses analytical concentrations,
experimental solution equllibrium constants, mass
balance equations, and the measured pH. This
distribution Is presented In the form of a table
which contains the concentrations, In mg/l and
molallty, the activitles, and the actlivity
coefficlents of all possible aqueous species.

In the final phase of the calculation, saturation
data are computed. lon activity products for all
possible reactlons are calculated and compared with
the temperature-corrected equilibrium constants.
This informatlon 1Is, again, presenfed In a table
contalnlng lon activity products L equillbrium
consfanfs (Keq), the ratlio of fheSe two values
Ka/K . o . (Hounslow and others, 1978,
%555 |
The results of these computations can be used to group
springs with the same saturation states.
The saturation Iindex for the minerals aragonite,
calclte, and dolomite as calculated by WATEQF for the samples
obtained In the study area are presented In table |11=5.

These minerals were chosen because a large proportion of the
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Table III-5.

Saturation index of selected minerals for springs and well

in the vicinity of the Caribou Range, southeastern Idaho

and western Wyoming.

Water
Sample Temp.
Number Sample Name and Location (°C) Aragonite Calcite Dolomite
K-1 Elkhorn Warm Spring 20 .05 .07 .003
4N 40E 23cadS
H-2 Hawley Warm Spring 16 .39 .61 .15
4N 40E 25bbdS
H-3 Heise Hot Springs 48 2.5 4.2 6.3
4N 40E 25ddaS
I-3 Heise Hot Springs 49 4.0 6.8 26
4N 40E 25ddas
H-4 Lufklin Spring 8 .44 .74 -
3N 42E 2cbbS
H-5 Buckland Warm Spring n .44 .72 .16
3N 42E 12cca + ccdS
H-6 Unnamed Spring 23 .6} .92 .40
3N 41E 32bbdS
H-7 Dyer Well 21 .96 1.5 .94
2N 39E 21bcc
H-8 Anderson Well 20 .99 1.5 .76
2N 39E 29bac
H-9 Fall Creek Mineral Springs 24 1.0 1.6 .98
IN 43E 9cbblS
H-10 Fall Creek Mineral Springs 23 .82 1.2 .58
: IN 43E 9cbb2s
H-1 Unnamed Spring 9 13 .21 .02
IN 39E 14acaS
H-12 Unnamed Spring 13 .16 .26 .01
IN 40E 19cabs
H-13 Unnamed Spring 7 .36 .62 .05
IN 44E 30c¢bdS
H-14 Unnamed Spring 6 .42 .73 17
1S 45E 4adaS
H-15 Unnamed Spring 6 .51 .90 .25
1S 45E 4aca$S
H-16 Unnamed Spring 21 .56 .86 .22
— 1S 40t 4abcS
H-17 Unnamed Spring 7 .24 .41 .05
1S 44E 1cbdS
H-18 Willow Spring 8 .30 .51 .06
1S 41E 36cccS
H-19 Unnamed Spring 1 .08 .13 .004
2S 44t laac$S
H-20 Warm Spring 17 .45 .70 .16
2S 44E 9aacS
1-21 Alpine Hot Springs 56 2.7 5.0 15
2S 46E 19bS
1-22 Alpine Hot Springs 37 1.8 2.8 3.5

2S 46E 19cadS
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Table I1I-5. Continued.

. Water

Sample Temp.

Number Sample Name and Location (°C) Aragonite Calcite Dolomite

H-23 Brockman Hot Spring 35 1.5 2.3 2.2
25 42E 26dcdS

[-23 Brockman Creek W.S. 35 .66 1.0 .64
2S 42E 26dcdS N

H-24 Unnamed Spring 10 .31 .85 .23
3S 43E 15dccS

H-25 Unnamed Spring 14 .51 .80 .12
35S 43E 22abbs

H-26 Auburn Hot Springs 57 2.1 4.0 8.3
33N 119W 23dbdS

W-26 Auburn Hot Springs 62 21 42 1200
33N 11W 23dbdS

H-27 Jonnson Springs 54 2.0 3.6 4.1
33N 1199 26adS
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study area Is made up of carbonate rocks and because these
three minerals are the most dlagnostic mlnerals to divide
these springs Into separate groups. The saturation Index

(K /Keq) indicates whether a solution Is undersaturated or

saturated with respect to these specific minerals. Values

iap

less than one Indicate that the solution Is undersaturated
and values more than one Indicate the solution 1Is
oversaturated with respect to that mineral. Solutions
oversaturated with a mineral specles favors preciplitation of
that mineral while undersaturation favors dissolution.

The data indicate that all of the springs grouped as
thermal springs with high specific conductivities In the
previous chapter are oversaturated with respect to one or
more of these three minerals except samplie H-16, unnamed
spring at 1S 40E 4abcS. These data are verified by the
observatlion of active travertine deposition at each of these
sltes. As the water from hot springs rlises to the surface
the pressure drops and the water cools causing the
precipitation of some dissolved minerals. The data also show
that the two wells tested In thls area (H-7 and H-8) are
oversaturated with respect to calclte. The equlllbrium of
these samples was altered when the water was pumped to the
surface so the results of WATEQF may not be representative of
the water In the aquifer. All of the other springs In this
area are undersaturated with respect to aragonite, calclte,

and dolomlite.
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Correlation of Springs and Wells Utillzing Stiff
Dlagrams. Stiff diagrams graphically show the concentrations
of major cations and anlons In milllequlivalents per liter.
The width of the patterns are an approximate Indication of
the total 1lonic content. These dlagrams are useful for
analyzing gross similarities In water quality and thus ground
water flow systems. Stiff dlagrams for the springs and wells
In the Carlbou Range study area are presented in Flgure
It1-5,

Seven of these springs, Helse Hot Springs (H-3 and 1-3),
Falls Creek Mineral Sprlings (H-9, H-10, and 1-10), Unnamed
Spring at 1S 40E 4abcS (H-16), Alpine Hot Springs (1-21 and
1-22), Brockman Hot Springs (H-23 and 1-23), Auburn Hot
Springs (H-26 and W-26), and Johnson Sprlngg (H=27), shown In
Figure 111-5 are drawn at one-half actual width. The
signiflcant dlfferences between these stiff dlagrams and
those of the other springs In both slze and major
constituents suggest that these seven springs should be put
Into a separate group. This group could be further
separated Into two smaller groups, one with sodium and
sulfate as their dominant Jons (H=16 and H-23) and those with
sodlum and chlorlide as thelr dominant ions (H-3, 1-3, H-9,
H-10, I-10, 1-21, 1-22, W-26, H-26, and H-27). The
similarities between the chemistries of the springs may be

due to similar geologlic controls on their flow paths. The
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springs with sodium and chloride as thelir dominant lons are

assoclated with faults bordering the Swan, Grand, and Star
valleys. The springs with sodlium and sulfate as dominant
lons flow from rocks of the Gannett group but are apparently
not controlled by major faults. The group with sodium and
chloride as their major ions can be further divided into two
groups of |Ilke chemistries, one wlith higher concentrations of
bicarbonate (H-3, I|-3, H-9, |-10, and H-10) than the other
group (1-21, 1-22, H-26, W-26, and H-27).

It Is more difficult to differentiate the stiff dlagrams
for waters with low concentrations of dlssolved §ollds
because of thelr small overall size. These dlagrams have
more subtle differences than do those with high total flonic
contents. One of these springs, Warm Spring (H-20), can be
differentiated from the other springs due fo the differences
in the major lons. This spring has calcium and sulfate as the
dominant Jions whereas other springs in this group have
calclium and bicarbonate as thelr dominant lons.

The s?[ff dlagrams with low total lonlc contents are
best used to relate springs located closely together.
Elkhorn and Hawley Warm Springs (H-1 and H-2) are similar to
each other yet distinct from the others as are Dyer and
Anderson wells (H-7 and H-8). Two other springs that may be
grouped this way are Unnamed Springs at 1S 45E 4adaS and IN
45E 4acaS (H-14 and H-15). It should be noted that Helse Hot

Springs (H-3) and Elkhorn and Hawley Warm Springs (H-1 and
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H-2) do not have simlilar water chemistries desplite the
closeness In location, and the presence of thermal water in
all three.

Statistical Analysis of Chemical Data

Introduction

The analysis of the chemical data requires +the
simul taneous examination of the twelve variables obtalned at
each site. The following steps were taken In the statistlical
analysls of the chemical data on springs and welils 1in +the
study area.

1. The data were summarlzed wusing +the UNIVARIATE dafa
summary -program (SAS Institute Inc., 1979) +to determine
It +they fulfill the assumptions +hat +the date are
normally distributed which 1Is required for subsequent
analyses.

2. The second step of the analysis was a cluster analysis
which groups llke samples.

3. A stepwise MANOVA analysis was performed wusing the
groupings from the cluster analyslis to determine which
variables are most useful. In discriminating between the
speclfled groups and to test [|f the groups can be

statistically separated by using the most discriminating

variables. This step was accomplished by wusing SAS
stepwlise dlscriﬁinafe procedure (SAS Institute tinc.,
1979).
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UNIVARIATE Analysls

‘The UNIVARIATE data summary In the Statistical Analysls
System was used to present the chemlical data (Figure Il1-6).
This program Includes calculation of the descriptive
statistics and the graphical summarization of the data with a
stem-and-jeaf plot, a box plot, and a normal probability
pfof. A llsting of results Is presented in Hubbell (1981,
AppendIx A).

The flrst three moments calculated In the descriptive
statlistlics are the mean, fhe standard deviation, and +he
skewness. The mean and variance Indicate the "center"™ of
the data and varlability of the data about that center,
respectively.

The skewness Indicates the symmetry of the data around
[ts mean. Data with a normal distribution have a skewness
équal to zero; data that are skewed to the left have a
positive value (l.e. mean is larger than the median). The
data from thls study are all positively skewed except the
varlable pH., The poslffve skewness.shown by the variables In
the UNIVARIATE data summary Indlicates that a logrithmic
transformation Is appropriate for all varlables except pH to
approximate the normality assumptions required for subsequent
tests of significance. Six of fhe;e variables have some
concentrations equal to zero: magnesium, sodlium, potassium,

chloride, fluoride and sulfate. A concentration of I mg/ |
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ty of the Caribou Range, southeastern

Idaho. and western Wyoming

the vicini

m

UNIVARIATE data summary of the variable temperature for springs

and wells

Figure III-6.




has been added to each of the values of these variables
before the transformation.

The stem-and-ieaf plot Is a hlstogram with the vertical
axis, the stem, representing the leading digits of the data.
The leaves are shown on the horlzontal axls and are the last
digits of the data.

The box plot Indicates six summary points; the minimum,
the lower quartile, the median, the mean (+), the upper
quartile, and the maximum. This plot indicates whether the
data are skewed positively or negatively and the relative
variation of each variable. The normal probabllity plot
graphs the raw data on the vertlical scale versus the standard
normal scores (Z scores) on the horizontal scale. The raw
data are represented by asterlsks versus the plus slign which
represent normally dilstributed data. If the data are
normal, one would expect the data to plot on a straight line.
Any deviation from this line Indicates non-normallty.

The pH values and the log functions of the other

varlables are standardized by:

z=42X
where:
Z = standardized log normal variable
X = sample value
X = mean of the varlable
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s = standard deviation of the variable (Huntsberger

and Billingsley, 1977).

This procedure scales all values to a range of
approximately -3 to +3, where each variable has a mean of
zero and a standard deviation of one. In this way, each
variable has equal weight In the subsequent cluster analyslis.

Ciuster Analyﬁls

The chemical data in Table 111-2 were run using the SAS

hlerarchical grbuplng, several varlable cluster analysis (SAS

Instltute Inc., 1979). The clustering was performed on 31

-samples In twelve dimensional space deflned by pH, calclium,

magnesium, sodlum, potassium, chlorlide, fluorlde,
bicarbonate, sulfate, sllica, total dlssolved sollds, énd
temperature. This technlque reduced the data from 31 groups
ultimately into one jroup.' The cluster technlique begins by
the computation of & similarity or distance matrix between
the samples,. At each step two samples or clusters are
Jolned, 1If they are the closesf unJoined set. The final
product Is a dendrogram showing the stepwise joining of the
samplés (Figure 111=7). If the dliameter Iincreases markedly
when two clusters are Jolned the clusfe}lng process has gone
too far. In Figure 111-7 this occurs when two clusters are
Joined to make one (the diameter changes from 23 to 74).

The cluster analysis Indicates that there are two
distinguishable groups of chemlistries (Table I111-4), The

first group is made up cf samples with relatively low lonic
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concentrations, lower temperatures, and higher pH's. The
second group has relativey high lonic concentrations, higher
temperatures, and lower pH's.
Stepwise MANOVA Analysis

A stepwise MANOVA analysis (SAS Institute Inc., 1979)
was run to determine If the two groups formed by the cluster
analysis can be differentiated statistically and to Indicate
the water quallity variables most useful In separating these
two groups. The hypothesls to be tested Is that the mean of
the comblned distribution of chemlial constituents of one
group (yu;) Is equal to the mean of the constituents of the

other (tﬁ- The null hypothesis (Ho) can be stated

as and the alternate hypothesis Is the

K1 = g
converse My #;? .

The results of the test are listed in Table |lI-6. The
first column |ists the varlables which are most useful in
discriminating the two cluster groupings wlith the best
discriminator at the top. The second column Is the Willk's
lambda statistlic. It Is used to test for slignificance
between the groups. A smaller value of the lambda statistic
implies greater statistical significance between the groups.
The statistical significance Iincreases as more variables are

added. The third column (Prob. <Lamba) Is the probability of

obtaining a Wilk's lambda statistic smaller than the observed

statistic In column two when In fact the null hypotheslis,




Table I11-6. Results of sfepwlsé MANOVA analysis for
springs and wells In Caribou Range study
area, southeastern ldaho and western

Wyoming.

_ Wlik's Prob.<

Variable Lambda Lambda
LTDS .03476 0.0001
LK .02214 0.0001
pH .01914 0.0001
LCL .01676 0.0001
LCA .01383 0.0001
LF .01098 0.0001

that the means are equal, Is true. Thus by using the most
discriminating variable, LTDS, the chance of obtalining a
value of lambda less than .03476 Is <.,000! If Ho Is true.
This Implies that there is a difference between the two
groups. The addition of the remalning varlables essentlally
does not Improve the ablilty to discriminate between the two
groups.
Discussion of the Results

The cluster analysis indicates that there are at least
two major clusters. These *two groups are shown In Flgure
i111-7. The stepwlse MANOVA analysis Indicates that the most
discriminating varlable Is log TDS and that by using this

variable alone that these two clusters can be separated.
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Ground Water Flow Patterns

A ground water flow system Is made up of three
components: the recharge area, the flow path, and the
discharge area. This Investigation has concentrated on the
physical characteristics and water quallty at the discharge
areas. Postulated ground water fiow paths for the springs
examined In the study area are pfesenfed in this section
using the physical and chemlcal setting of the springs and
wells and basic hydrologic concepts.

The cluster analysis dlscriminated two groups of springs
with similar chemistries. The first group of springs to be
examined have high concentrations of all the major ions, low
pH values, and elevated temperatures.

Five of the springs In this group are assocliated with
the graben forming faults along the Swan, Grand, and Star
valleys: Helse Hot Springs (H-3 and |-3), Fall Creek Mineral
Springs (H-9, H-10, and 1-10), Alpine Hot Springs (1-21 and
1-22), Auburn Hot Springs (H-26 and W-26), and Johnson
Springs (H-27). Two hypotheses for the ground water fiow to
these springs may be stated.

1. Recharge occurs in the mountaln ranges, where there are
high rates of precipltation. The intense structural
deformation of the ranges increase the vertical hydraulic -
conductivity allowing downward movement of ground water.

The water moves laterally along bedding plénes to the
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fault systems bordering the Swan, Grand, and Star valleys

where the fault provides a conduit of high hydraulic
conductivity allowing the thermal water to move to the
surface. Some mixing and coollng of the deep thermal
ground water creates variations in temperature and water
quality found along these systems.

2. Recharge occurs along the surface exposure of the major
faults bordering the Swan, Grand, and Star valleys. The
water moves downward following the vertical condulft
formed by the major faulting. This deep thermal water
follows the trace of the fault to move to the surface at
a site some distance from the recharge area. And agaln,
some cooflng and mixing of the deep thermal ground water
would create varliations In temperature and water quallty
as seen [n the springs In this system.

The remalning two thermal springs In the first group

with high speciflc conductivities are Unnamed Spring at ‘1§

40E 4abcS (H-16) and Brockman Hot Springs (H-23). The water

tfrom these springs must circulate to depths whgre they can be
heated; however there are no major faults closely assoclated
with elither of these sites. The closeness In thelir
chemistries Indicates that the processes which contribute to
their chemistrles are similar. Both springs Issue from rocks
of the Gannett Group and have minor faults near them. Thelr

locations to one another, relative to the trend of the Swan
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and Grand Valley faults, Iimplles that there may be a |inear
feature which may relate these two springs.

The second group differentiated by the cluster analysis
Is made up of springs with lower concentrations of all the
major 1ions, and as a group have higher pH values and lower
tempertures. This group can be further separated Into three
subgroups by thelir geologic setting and tempertures.

The first subgroup has three springs and two wells that
emerge from rhyolite in the northwestern portion of the study
area: Elkhorn Warm Spring (H-1), Hawley Warm Srping (H-2),
Unnamed Spring at 3N 41E 32bbdS (H-6), Dyer well (H-7), and
Anderson well (H-8). All of these have temperatures between
16 to 23°C. These springs and wells appear to be assoclated
with caldera structures In this area. The calderas form
closed baslps filled with permeable materials with faults
around their rims (Proskte and Embree, 1978). Preclpltation
in the mountains recharges the ground water system where some
of It follows faults to the depths where It Is heated. The
water rises to form warm springs or, If the plezometric head
Is not great enough to force It to the surface, it may lie at
depth where It may be pumped to the surface by wells. The
similarity in chemistries and closeness of location suggests
that this group can be further divided to group Elkhorn Warm
Spring and Hawley Warm Spring Into one group, Dyer and
Anderson wells Iinto a second, and Unnamed Spring at 3N 41E

32bbdS Into a third group.
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The second subgroup has one spring, Warm Spring (H-20).
Warm Spring Is wunique In both Its chemistry and Its high
elevation., The chemistry may be a function of the lithology
and the elevated temperature may be a functlion of +the
llthology and the elevated temperture may be due +to
relatively shallow clirculation of ground water in a reglon of
high heat flow.

The third subgroup has twelve springs that probably
represent shallow ground water flow systems controlled by the
complex |lthology and structure In this area. These springs
are the result of local ground water flow systems formed by
the discontinuous nature of the geologic units of this area.
Their cool temperatures attest to shallow depths of
circuiation and the low lonlc concentrations to short fiow
paths. Buckland Warm Spring (H-5) 1is assoclated with the
Baldy Mountaln thrust. This spring has a large discharge and
a high lonic content relative to the other springs In this
group which suggests that It has a longer flow path and a
larger recharge area. The recharge area for this spring Is

located north of the study area In the Snake River Range.
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CHAPTER 1V

HYDROGEOLOGIC RECONNAISSANCE OF THE MEADE THRUST SUBAREA

lntroduction

Ground water flow systems iIn the Meade thrust subarea
have been evaluated both as a part of this study and as a
research project related to phosphate mining under funding by
the Idaho anlng and Minerals Resources Research Institute
(Ralston and Mayo, 1981). The Meade thrust subarea Includes
the Meade Peak allochthon and Is situated between the
northern and southern subareas (Flgures I-1 and 1IV=-1)., (An
allochthon [Is a body of rocks that has been moved a long
distance from their original place of deposition by a
tectonlc proceﬁs such as overthrusting.) The study area
consists of the large part of seven 15 minute quadrangles
whlch cover approximately 3700 square kilometers and Includes
parts of Caribou and Bear Lake Countlies, ldaho, and Lincoln
County, Wyoming (Flguré 1v=-2). The allochthon contalns
fdlded and faulted Mesozolc and Paleozoic sandy-shaly
carbonate strata. The Meade thrust fault, previously known
as a major segment of the Bannock thrust fault, underpins the
allochthon and surfaces as thrust splays along Its southern

and eastern margins.
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Figure IV-1.
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Geologic Settling

The Meade thrust allochthon Is defined here as that body
of allochthonous strata +transported by +the Meade thrust
fauit. The Meade +thrust fault Is the principal structural
feature of Blackstone's (1977) Meade unit and in the wearlier
| Iterature Is known as the major segment of Mansftield's
(1927) Bannock thrust fault.

Numerous physiographic features are mentioned 1in this
report; +the Jlocations of these features are shown in

Flgure V-2,

Stratigraphy of the Allochthon and AdJacent Areas

The Meade thrust allochthon and surrounding areas
contain a falrly continuous stratligraphic record representing
Cambrian to Holocene time. Mansflield (1927) estimated that
more than 14,000 m of calcareous, arglllaceous and clastic
sediments were deposited in the area. The Paleozolc through
lower Mesozoic formations are predominantly of marine
orligins, and the upper Mesozolc and Cenozolc formations are
predominantly of non-marine origins.

The upper Paleozolc and lower Mesozoic formations are of
particular Interest +to this Investigation because they are
the principal sfrafa In the Meade thrust allochthon.

The upper Paleozolc formatlons are, in ascending order,

the Lodgepole, Monroe Canyon, Wells, Park City, and
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Phosphoria. These formations have an aggregate maximum
thickness of 1950 m. The Lodgepole, Monroe Canyon, and Wells
formations predominantly Include carbonate and sandy strata
which have an aggregate maximum thickness of 1780 m. The
Park City Formation is represented by the 25 m thick Grandeur
Tongue. The Grandeur Tongue Is composed of dolomite and Is
generally mapped as the uppermost part of the Wells
Formation, The Phosphoria Formation has a maxImum aggregate
thickness of 145 m. This formation |Is one of fhg most
signiflcant hydrostratigraphic unlts In the study becauSe it
confélns slliceous mudstones, cherts and phosphatic rocks
which have hydraullc conductivities signlficantly less than
the undérlylng and overlylng strata. The Phosphoria
Formation forms a hydrologic boundary between the aqulifers
above and below. This formation Is mfned for phosphate.

The IowerbMesozolc formations which <crop out In +the
allochthon are, in ascending order, fhé Dinwoody and Thaynes.
These formations have a maximum aggregate thickness of 1675 m
and have been subdivided Into several members. The
formations consist of carbonate and sandy, shaly strata which
are generally less massively bedded than the strata of the
upper Paleozolic formations.

Extenslive geologlical mapping has been undertaken In the
study area and adjacent areas because of +the economic
importance of the Phosphorlia Formation. The stratigraphic

nomenclature applied to +the area has been continuously
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evolving since the time of the first geologlc mapping In
1912. The only mapping which covered the entire allochthon
was completed in 1927, Since 1927 numerous quadrangies have
been remapped In greater detall. Some of the formation names
have been changed, and members have commonly been named to
meet the mapping requirements of a particular quadrangle. A
stratigraphlc correlation char+ of the upper Paleozolc and
lower Mesozolc formations mapped In the allochthon s

presented by Mayo (1982) as part of thls research effort.

Structure of the Allochthon

The Meade thrust allochthon is a body of upper Paleozolc
and lower Mesozolc strata whlch is underlaln by the Meade
thrust fault. The allochthon s wup to 40 km wide In an
east-west directlon and up to 80 km long 1In a north-south
direction. The major structural features of the allochthon
are shown on a generallized geologlc map (Fligure IV-3) and on
two east-west structure sectlions (Flgure; iVY-4 and IV-5).
On the geologic map the rock unlts are shown as the upper
Paleozolc and lower Mesozolc formations, lower plate sfrafa;
Plelstocene basalts, and surficial deposits.

The sole of the Meade thrust Is thought to be contlnuous
under the allochthon (Mansfleld, 1927; Royse and others,
1975). Except for broad warplng and a few steeply Inclined
thrust splays which cut upward from the thrust sole, the sole

Is generally belleved to be flat lylng. Structural sectlions
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Generalized east west structure section through the overthrust belt of southeastern
Idaho and western Wyoming. Total shortening (thrust) 50%. Extension faults are post
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by Mansfield (1927) and Cressman (1964) show the depth of
the +thrust sole from 910 to 2200 m below land surface. A
more recent structure section by Royse and others (1975)
shows the sole at depfhs ranging from 200 to 3300 m below
land surface.

The Meade thrust fault surfaces as a series of steeply
inclined thrust splays along the eastern and southern borders
of +the allochthon. The splays form an arcuate outcrop zone
of discontinuous, branching, and subparallel +thrust faults
(Mansfield, 1927; Cressman, 1964; Conner, 1980; Hatch, 1980;
and Jenklins, 1981). The eastern thrust zone Is 1.5 to 4.5 km
wide and extends southward from Grays Lake for a distance of
70 km along the eastern front of the Webster and Preuss
Ranges. Armstrong and Cressman (1963) suggest that the
northernmost of these splays may be normal faults.

The western portion of +the allochthon [Is abruptly
truncated by a major extension fault zone aiong the western
front of the Aspen Range. The zone Is more than 40 km long In
a northwesterly direction and forms the border separating the
Aspen Range horst to the east from +the southern Blackfoot
Reservoir and northern Bear River Valley grabens to the west.
Armstrong (1969) suggested that +there |Is at least 910 to
1500 m of stratigraphic throw along the fronfal fault zone;
Mabey and Oriel (1970) identified up to 1500 m of Tertiary

sediments in the adJacent grabens.
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The northern border of the allochthon Is obscured by
Tertiary basalt and geologic complexl?les. Mansfield (1927
and 1952) suggested that the Meade thrust fault extends
northward +to the Snake River Plain a distance of 110 km from
Georgetown, ldaho. Armstrong and Cressman (1963, p. J8)

reinterpreted the northern extent of the +thrust fault,

suggesting
.+.the eastward trendling tear faults
partially absorbed the movement along the
thrust and they probably Indicate the

northern end of the thrust plate.
This reinterpretation limits +the northern border +to the
vicinity of the Blackfoot Reservolir, a distance of_65 to 80
km from Georgetown. Allmendinger (1981) suggests extenslon
of the Meade thrust to the Snake River Plaln.

Normal faults have cut the allochthonous strata In many
locations. These faults genérally have stratigraphic throws
of 200 m or less (Mansfleld, 1927; Cressman and Guibrandsen,
1955; Gulbrandsen and others, 1956; and others). The |Imited
stratigraphic throws suggest the faults are restricted to the
allochthonous strata and do not displace lower plate rocks.
Strata below the Meade *thrust fault are belleved to be
continuous and nearly horizontal (Cressman, 1964; Royse and
others, 1975).

Strata within the allochthon have been folded Into broad
and open, northerly +trending anticlines and synclines.

Mansfleld (1927), Cressman (1964) and others belleve that
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folding accompanied thrusting; Rioux and others (1975)
suggest the folding may have preceeded or accompanied
thrusting.

The antlclines and synclines have been eroded 1Into a
ridge and valley system whose narrow, [lnear features
domlnate the topography of +the allochthon's interior.
Inverted rellef 1Is common in +the ridges and valleys;
anticlines have been eroded Into valleys, and synclines have
been eroded into ridges. These valleys and fldges share the
names of the folds. The rlidge and valley system extends
almost +the entire 1length and width of the allochthon, the
longest ridge being 35 km long, 4 km wide and rising 460 m
above Its adjacent valley floor. Shallow seated extension
faults commonly parallel the fold axes.

The Aspen and Webster Ranges are the western and eastern
ranges of the allochthon, respectively. The ranges have
Intermontane valleys which have less relief than the valleys
in the Ridge and Valley system. Iin the Aspen Range,
extenslon faults having IImited displacement have cut the
folded strata into blocks. These faults generally parallel
the fold axes. The ‘Webster syncline and Boulder Creek
anticline are the major structural features of +the Webster
Range. The two folds continue almost uninterrupted along the

50 km length of the Webster Range.

124




Physlical and Chemical Characterlstics
of Springs and Wells

Overvlew

Water quallty samples were collected from thirty-eight
springs and three wells to determine the physical and
chemlical characterlstics of representative discharge waters
(Figure 1V=-6). Twenty-five of the spflngs and two flowing
arteslian wells Issue from the peripheral regloh of the Meade
thrust allochthon. The remalning well and springs issue from
the Interlor of the allochthon. The periphery springs appear
to flow from splays of the Meade thrust fault or from
extenslion faults which Intersect the thrust fault and are
generally assocliated with the upper Paleozolc formations.
The dlscharge locations of interlior springs are generally not
controlled by major faults. These sprlhgs are -generally
associated with the lower Meéozolc formations.

Within the two broad categories, periphery and interior,
the springs have been organlzed into groups and subgroups on
the basls of thelr - geologlic and physiographlic
characterlistics. The wells have been included in the groups
which are located closest to each well. The organizational
structure is:

- Periphery Groups

| * Extension Fault Groups

- Corral Creek
- Western fFrontal Fault Group
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Location of water quality sampling sites in the Meade

thrust area, southeastern Idaho.

Figure IV-6.
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- Henry Group
- Chubb Group
¥ Thrust Fault Splay Groups
- Georgetown Canyon Group
- Eastern Thrust Zone Group
- Interlior Groups

* Dry Valley-Schmid Ridge-Slug Creek Group
¥ Pellican Rlidge Group

Water samples from the forty-one sites were analyzed for
the lons Ca2+, Nat, k%, HC03" , ClI°, 5042', and F~, SIO2 and
the stable Isotopes D and 180. Samples from ten sites were
analyzed for 13¢ and !%c. Resuits of the chemical analysls
are |Ilsted 1In Table IV-1, Discharge measurements were taken
at each slte, and the stratigraphic and structural
relationshlps of weach site were obtalned from the geologic

llterature. Table IV-2 Is a summary of discharge magnitude,

elevation, and major geologic features of each locatlon.

Description of 3Springs and Wells

The general characteristics of the springs and wells are
described below. One or more geologlc sections which +typlfy
the discharge area of each group are Included. The locations
of the structure sebflons are shown on the generallized
geologic map (Fligure |IV-3) and the locations of the springs

and wells are shown in Figure 1V=6.

Periphery Extenslion Fault Groups
Corral Creek (1). From 1966 to 1970 the FMC corporation

drilled several dozen phosphate exploratlon boreholes along
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Concentration in mg/l (meq/l)

e

wn, 7
(L.

20
(n. 9)

2
(n.1)

1

(n.1)

[
0.2}

4
0.1)

4
(0.1

k]
(0.1)

26
©.7)

15
(n.4)

32
n.9)

20
(0.6)

11
0.3)

1
(0.4)

26

(0.1)

Table IV-1. Chemical analysis o{ spring and well waters collected in tha Meade thrust area,
southeastern Idaho.
- - Total - Tt T
Water Specific Nissolved
Samp le Temp. Conductance Solids 33 iy T T T
Numbe r Name and Location B {umho/ecm) (mq/1) pH Ca Mg Na X
' 1 Creek .9 -—- 5369 6.6 900 275 BR.Y ah0
1 CorAIE Tonod ©489) 2.0 (1.R) th.4)
2 sinkhole 1 - A4 6.8 147 29 27 3
45 41F 12bbS (7.3 2.4 .2 .1
k) Woodall m 1n4n 1137 6.6 232 kX 1 0.1
75 42 34bas (11.6)  (2.9)  (0.04) n.01)
] North wWoodall 17 1640 1701 6.3 82 L) 1 1
7S 42E 27acs (19.1) (4.0 (7. 2) 0.0y
- Formation 11 920 91} 6.6 1930 29 n. 4 1
85 42F 27¢bS 9.5) (2.4) (n.02) .0y
4] East Soda 2 175 5 7 124 31 2 1
95 42E 10acS ¢.2) 2.6) {(n.1) (.03
7 Sulphur Canyon 10 660 607 1.2 121 20 2 1
95 42E 1ibe 6.0)  (1.6) (0.1) 0.03)
8 Swan Lake #1 16 1020 1089 6.7 220 % 3 0.3
(Lakey Res.) (11.0) (3.0} (0.1) (n.ol1)
9S8 43E ¥ccS
9 fwan Lake §2 2 850 a81 7.1 158 k' 3 o
95 41 30ccS (7.9) {3.0) {0.1) (0}
10 Lone Tree 26 1570 1506 6.4 314 39 26 18
6S 42E 6ab§ (15.7)  (3.2) (1.1) {0.5)
11 Henry Warm #1 15 970 914 6.8 178 7} 16 2
65 42E 9acs (8.9) 2.8) (0.7) (0.0%)
12 Henry Warm #2 20 1410 1417 6.3 284 a4 25 [
6S 42E 9bcs (14.2) (3.6} (1.1) 0.2)
13 Warm Spring 71 1510 1485 6.3 277 47 22 14
6S 42E BL®S (13.8)  (3.9) (1.n) 0.4)
14 North Henry 15 870 792 6.8 129 n 1} 2
6S 42E 10bcs %.4) (2.6) {0.5) 0.0s)
15 Little Blackfoot River 15 240 983 6.7 200 33 11 2
6S 42E 15bas (1o.m) 2.7 (n.5) n.05)
15 Chubb 1) 545 458 7.5 .61 20 2 2
5S 42E llccS (3.0) (1.0) (1.0) (. 0%)

(n. 7

F woy | sop”
1.9 2831 900.4
(n.1M)  (46.4) (m.n
0.6 504 13
(n.03) (8.3 0.7
0.4 790 37
(0.02) (12.9) (n.8)
1.0 1182 48
(0.05) (19.4) (o)
0.3 622 57
(0.02) ({1n.2) (1.2)
0.2 S13 35
0.01} (R. 4) (©.7)
0.2 438 10
(0.01) (7.2) (0.2)
0.2 751 57
(0.0} (12.3) (1.2)
0.1 604 52
{(0.01) (9.9) (1.1)
1.7 989 ™
(0.09) (16.2) (1.6)
0.5 624 46
0.03 (10.2) (1.0}
1.0 870 145
(0.05) (14.3) (2.0)
1.7 994 84
(0.09) (16.3) (1.7
0.5 $66 26
0.03) (9.3} (0.5)
0.5 674 42
(.n3) (11.0) (0.9)
0.3 240 61
(©0.n2)  (3.9) (1.3)

Sin,

an

3

N

25

11

19

24

18

40

25

15

24




Table IV-1. Continued.
: Total
Water Specific Dissolved Concentration in mg/1 (meq/l)
Samp le Temp . Conductance Solids 7~
Numbe r Name and Locatian oc (umho/cm) (mg/1) PH Ca 2t HgZt Nat xt c1” F Hoo, S04 Si0g
17 West hubb 12 510 447 7.3 62 19 20 1 21 0.3 234 65 25
SS 42E 10das (3.1) (F1.6) (0.9) (0.03) 0.6) {0.02) (3.8) 1.4)
. 18 Georgetown Canyan 7 -— 361 7.4 63 15 trace 0.5 V] 0.1 195 69 18
10S 44E 35dcs (3.1) 1.2) ©) (0.01) (0) (0.01) (3.2) (1.4)
19 George town Canyon 8 350 335 7.5 64 16 trace 0.5 1] 0.2 250 2 2
Tailings (3.2) (1.3) (o) {a.01) ) (0.01) (4.1) {0.09)
108 45E 1)5c¢ds
20 Big Spring 8 505 465 7.3 90 16 trace 0 2 0.1 244 96 17
108 44€ 28ccs {(4.%) (1.3) () (0) {0.1) {0.01) (4.0) (2.0}
21 Auburn Fish Hatchery 9 440 368 7.5 58 21 6 1 2 0.1 232 16 R
8S 46E Sbas {3.9) a.7n (0.3) {0.03) 0.1) {0.01) (3.8) 0.3
— 22 Sage Valley 12 460 397 7.5 64 21 6 0 7 0.4 2R 38 249
no 9§ 46E lBads (3.2) .n 0.3) (0) (0.2} {0.02) (3.8) (0.8)
O
23 South Fork 12 400 53 7.4 54 21 4 0.5 10 0.1 23% /] 27
9S 46E 18das 2.7) .7 (0.2) (0.01) ©.3 {0.02) {3.9) {0)
24 Star Valley Hatchery 9 590 347 7.7 54 17 2 0.5 4 0.2 231 15 23
TS 462 12bds 2.7) 1.4) (0.1) (0.01,) 0.1) {0.01) {3.9) (0.3) '
25 Fence Line 10 410 458 7.1 60 17 3 0.5 4 0.2 249 88 3%
95 46E 19ads (3.0) (1.4) (c.1) (o.01) 0.1) (0.01) (4.1) a.s8)
26 Brooks Spring 12 425 396 7.5 58 16 20 0 27 0.4 233 7 35
108 45E ldas 2.9) (1.3) (0.9) (0) {0.8) (0.02) (3.8) (0.7)
27 New Salt 11 1150 906 7.4 144 29 a2 2 87 0.3 277 241 44
108 45%E ldas (7.2) (2.4) (3.6) (0.05) 2.5) (0.02) (4.5) {5.1)
28 Nuggett 10 -—- 427 7.4 68 24 7 0 S 0.2 256 37 n
95 4GE 20cas (3.9 @.0) 0.3 {0} 0.1) {0.01) 4.2) (0.8)
29 Crow Creek Panch 7 360 3 7.4 59 14 2 0.5 2 0.1 226 22 12
108 45C 15acs 2.9 (1.2) (0.1) (0.01) (0.1) (0.01) (3.7) 0.5)
30 Slump Spring S 460 413 7.1 82 13 6 [+] 12 0.1 262 19 19
8S 44E 17dds (4.1) (1.1) {0.3) (0) (0.3) (0.01) (4.3) (0.4)
3l Lower Lone Tree 8 440 433 7.2 90 11 3 0.8 3 0.1 269 26 0
8§ 44F 28LLS (4.5) 0.9) 0.1) (0.02) (0.1) (0.01) (4.4) {0.5)
2 Lower Young Ranch 4 500 490 7 we 10 1 0.5 10 V] 312, 19 29
8BS 446 2lacs (5.4) (n.8) (0.04) (0.01) (0.3) () 5.1) 0.4
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Table IV-1. Continued.
- - Total T N
Water Specific Dissn)ved Conrvntration in mg/1 (me /1)
Samplie Temp. Conductance Snlira 37 T — ——— = -
Mumber  Name and Location oc tymho/om) {ma/1) pH Ca Mgt wat Kt ca” F noy” 5o’ stop
M Cold Spring 4 —— 385 1.5 74 5 4 4 0 0.3 238 14 46
10S 44E 3ddS (3.7 (0.4} (0.2) (0.1 (0) (0.02)  (3.9) .3)
34 FMC 8 430 In 7.4 51 18 3 0.9 3 0.1 257 18 21
85 44E 15bd (2.5)  (1.S)  (0.1) (0,02) (0.1v  (0.01)  (4.2) (0.4)
15 Square Pond 8 190 0 7.1 55 12 6 0.8 4 0.1 224 8 20
95 44E SAds (2.7 (L9 (0.3 (n.02) (1.1} (@.01) (3.7 (n.2)
' Xundsen Ranch 12 0 w7 7.5 ny 15 a 2 5 trace 23R 17 17
AS 44E 30dbS (w1 (L.2) (0. w.nm (a1 ) (3.9) 0.2
v Purple Spring 11 440 N 7.1 %0 21 7 2 a 0.2 254 21 17
8S 43F lleds (2.5) (L.7) (0.1 0.0%) n.mn (0.0l) (4.2) (0.4)
38 Peterson Ranch 8 320 187 6.4 R 7 14 18 2 n.2 a9 11 31
9S 44E Scds (0.4)  (0.6) (0.6) (0.5) 0.3)  (0o.01)  (1.5) 0.2)
39 Pelican Ridge #1 7 165 440 7.2 70 19 4 1 3 trace 294 17 29
SS 42E 391dcS (3.5) (1.6) (0.2} (0.03) (0.2} ) (4.8) (0.4
40 Pelican Ridge 2 7 540 489 7.2 77 23 3 1 8 0.1 325 34 18
55 42E 24dcs (3.8)  (1.9) (0.1) (0.01) (0.2) (0.01) (5.3) 0.7
41 North Pelican 8 290 252 7.5 50 7 2 0.2 3 trace 170 6 14
55 42E 17bcs (2.5)  (0.6) (0.1) (0.01) {0.1) ") 2.m ©.1)
Chemical samples collected during the summer of 1980.
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Table IV-2. Physical settings of springs and wells in the Meade thrust area, southeastern Idaho.

2

Water Elevation Well Depth
Sample Tgmp. (m above Depth to Water Discharge
Number Name and Location (°C) MSL) {m) (m) {1/s) Site Description
1 Corral Creek 39.9 1885 flowing 5 Artesian flow from phosphate test holes.
6S 41E 19bbd
2 Sinkhole 19 1890 292 Flows from Wells formation along the Enoch
4S 41E 32bbs Valley fault.
3 Woodall 13 1900 365 Flows up an unnamed extension fault along
7S 42E d4bas the fault of the northern Aspen Range. AssO-
ciated with Wells formation.
4 North Woodall 17 1900 28 Flows up an unnamed extension fault along the
7S 42E 27acS fault of the northern Aspen Range. Associated
with Wells formation.
5 Formation 11 1875 488 Flows up an unnamed extension fault along the
BS 42E 27cbs fault of the northern Aspen Range. Associated
with Wells formation.
6 East Soda 9 1840 85 Associated with Salt Lake formation; several
95 42E 10acs extension faults have been mapped in the area.
7 Sulphur Canyon 10 1870 unknown unknown 9 Artesian flow from Wells (?) formation in an
9S 42E l3bc area along the front of the Aspen Range which
is bounded by extension faults.
8 Swan Lake §1 16 1890 85 Flows from Wells formation along front of
9S8 43E 29ccS Aspen Range in an area of extension faulting.
9 Swan Lake #2 9 1840 14 Flows from Wells formation along front of
95 43E 30ccS Aspen Range in an area of extension faulting.
10 Lone Tree 26 1870 3 Flowsup the Slug Valley (?) fault.
6S 42E 6abs
11 Henry Warm §1 15 1867 88 pischarges on the Henry travertinc terrace
6S 42E 9acS which conceals the intersection of the Henry
and Slug Valley faults.
12 Henry Warm §2 20 1870 55 Discharges on the Henry travertine terrace
6S 42E 9bcs which conceals the intersection of the MHenry
and Slug Valley faults
1] Warm Spring 23 1880 14 pischarges on the Henry travertine terrace
6S 42E 8dbs which conceals the intersectlion of the Henry
and Slug Valley faults
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Table IV-2. Continued.
Water Elevation Well Depth

Sample ) Temp. (m above Depth to Water bischarge

Number Name and Location (%c) MSL) (m) (m) (1/s) Site Description

14 North Henry 15 1883 57 Discharges on the Henry travertine terrace
65 42E 10bcS which conceals the intersection of the Henry

and Slug Valley faults.

15 Little Blackfoot
River 15 1880 7 Discharges from Wells formation along axis of
65 42 1S5bas Wooley Valley anticline.

16 Chubb T 12 1905 45 Flows from Monroe Canybn limestone along the
55 42E llccS ) Chubb springs fault.

17 West Chubb 12 1905 RS Flows from Monroe Canyon limestone along the
hS 42E 10das Chubb springs fault.

18 Georgetown Canyon 7 1997 408 Flows from the Wells formation along a splay
10S 44E 35dcS of the Meade thrust.

19 Georgetown Canyon
Tailings 8 1997 448 Flows from the Wells formation along a splay
10S 44E 35cds of the Meade thrust.

20 Big Spring 8 1970 60 Flows from a normal fault which cuts the
10S 44E 28ccS Dairy Syncline and the Wells formation

21 Auburn Fish Hatchery 9 1980 142 Flows from Meade thrust and the Thaynes
BS 46E 5Sbas formation.

22 Saqge Valley 12 2270 246 Flows from the Mrade thrust and Wells (?)
95 46E 18ads formation.

23 South Fork 12 2270 100 Flows from the Meade thrust and Wells (?)
95 46E 18das formation.

24 Star Valley Hatchery 9 1975 100 Flows from contact of Portneuf (?) member and
7S 46E 32bAs Timothy sandstone (?) member of Thaynes

formation.

25 Fence Line 10 2120 25 Flows [rom the Meade thrust and Wells (?)
9S 46E 19ads formation.

26 Brooks Spring 12 2009 99 Flows from a splay of the Meade thrust (?) and
10S 4SE 1ldas the Wells (?) formation.

27 New Salt 11 2060 15 Flows from Twin Creek limestone.

10S 45E ldas
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Table IV-2. Continued.
Water Elevation Well Depth

Sample . Temp . (m above Depth to Water Discharge

Number Name and Location (°C) MSL) (m) (m) (1/s8) Site Description

28 Nuggett 10 2090 15 Flows from slice of Nuggett sandstone near
9S 45SE ldas the Meade thrust.

29 Crow Creek Ranch 7 2048 161 Flows from the Wells formation at the contact
105 4SE 1S5acs with Monroe Canvon limestone.

30 Slump Spring 5 2080 6 Flows from Thaynes formation along Schmid
8S 44E 174ds Syncline.

31 Lower Lone Tree 8 2065 6 Flows from Thaynes formation along Schmid
85 44E 28bbs Syncline.

32 Lower Young Ranch 4 2080 17 Flows from Thaynes formation along Schmid
8S 44E 2lacs Syncline.

33 Cold Spring 4 2095 3 Flows from Wells formation along Schmid
10S 44E 3dds Syncline.

34 FMC 8 2000 435 Well penetrates only the Wells formation.
8S 44E 16bd

35 Square Pond 8 1955 190 Flows from Dinwoody formation along Schmid
9S 44E 5dds Syncline.

36 Knudsen .Ranch 12 1940 100 Flows from Dinwoody formation along Schmid
8S 44E 304dbs Syncline.

37 Purple Spring 11 1935 35S Flows from Wells formation along Schmid
8S 43E llcds Syncline.

38 Peterson Ranch 8 1955 unknown Well in shallow alluvium in Slug Creek
95 44E Scd valley.

39 Pelican Ridge #1 7 1920 . 9 Flows from a fault bounded slice of the
5S 42E 39dcS Dinwoody formation.

40 Pelican Ridge #2 7 1985 3 Flows from a fault bounded slice of the
58 42E 24dcs Dinw.ody formation.

41 North Pelican 8 1915 14 Flows from Dinwoody formation in the Meadow
5S 42E 17bcS Creek graben.

2

Data collected during the summers of 1979 and 1980.
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the western edge of Reservoir Mountaln west of the Blackfoot
Reservolr  (MItchell, 1976) (Figure 1V-6).  Drilling
penetrated the phosphate ore bearing Meade Peak Member of the
Phosphoria Formation and termlnated In the upper portion of
the Wells Formatlion. A generalized north-south structure
section +through the Corral Creek area Is shown In
Flgure.IV-7;

The boreholes were drilied +through older travertine
deposits and many encountered warm water and arteslian
conditlons. J. Spalding (oral communication, 1981) reported
that warm water and gas (99% CO,) were encountered In the
Meade Peak Member of the Phdsphorla Formation, and the warm
water was found only 1in boreholes 1In an area of a few
hectares. The nearby Pellcan fault Is the Ilkely avenue for
the upward movement of the warm water. The water probably
moves laterally Into the Wells Formation.

One flowing well (FMC 166), known in this report as

Corral Creek (1), was sampled. The well was discharging
about | I/s, depositing travertine, and evolving coplous
amounts of  CO, gas. X-ray diffraction analysis of the

layered travertine near the flowing well and from a nearby
pond indicated the new deposits are virtually pure calcite.

Western Frontal Fault Group (2-9). EIght springs along

the western perlphery of the Meade thrust allochthon have

"been placed Into this group (Figure IV-6). The springs Issue

from deep seated extenslon faults which form +the boundary
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between +the allochthon and +the grabens to the west. One
spring, Sinkhole (2), issues from the Enoch Valley fault at
the base of Wilson Ridge. The Enoch Valley fault, along
which Wllson and Pellcan Rlidges have been upllifted, forms
the northeastern boundary of the Blackfoot Reservolr graben.

The remaining seven springs (3-9) of this group Issue
from steeply westward dipping frontal extension faults of the
Aspen Range. The frontal faults separate the Aspen Range
from the southern portion of the Blackfoot Reservolr graben
and the northern portion of the Bear Rlver Valley graben.

All of the springs In this group are elther actively
deposliting or have deposited large travertine terraces
covering hundreds to thousands of hectares each. Several
large travertine deposits not assoicated with active springs
are located along the front of +the Aspen Range. These
deposlits Indlcate spring mlgration atong the frontal fault
zone. In all, the frontal! fault travertine terraces extend
for more than 50 km along the base of the Aspen Range,
covering 4320 hetares. The maximum +thickness of the
travertine deposits 1Is not known; more than 25 m of
travertine may be seen In a collapse structure 1In the Swan
Lake terrace. |

Sinkhole spring (2), located at the base of Wilson
Ridge, 1s named in this report after a large sinkhole whilch

formed 120 m from the spring on the |lower slope of Wilson
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Ridge. The circular, vertical walled sink resulted from the
collapse of solution cavities In the steeply inclined Wells
Formation. The topographic map of the area, made In 1917,
does not show the sinkhole, nor does Mansfleld's 1927 work
mention [It. An examination of oblique aerlal photographs of
the area suggests the main sink Is In the hub of an area,
perhaps 750 +to 1000 m across, undergoing subsidence. A
reconnalssance of the area suggests the solution weathering
Is a continuing phenomenon. |

Waters from Sinkhole spring have precipitated an
extensive travertine terrace on the Cenozoic basalt flows of
the Blackfoot lava fleid which abut the base of Wilson Ridge
(Figure |v-8a). Approximately 450 hectares of the terrace
are visible, and an additional 80 to 160 hectares have been
Inundated by the waters of Blackfoot Reservolr. The spring
currently Issues midway along the 2.5 km long +travertine
front at the base of Wilson Ridge. Ground water flow appears
to move along the Enoch Valley fault. Flow emerges from
three closely spaced orlifices at the base of the ridge and
from four to five holes In the bottom of a several hundred
meter dlameter pool which has formed on the terrace about 9 m
from the ridge base. Measured discharge was 292 1/s; an
estimated 30 to 100 I/s could not be measured.

Woodall (3) and North Woodall (4) springs Issue along
the frontal extenslon fault zone at the base of the northern

Aspen Range. A minimum of 640 m of displacement between the
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Aspen Range horst and the Blackfoot Reservolr graben 1Is
indicated by Mansfield (1927) In a structure sectlion covering
the area just south of the springs. Greater displacement
along the frontal fault zone Is suggested by Mabey and Oriel
(1970), who Identified a major gravity low centered about 8
km northwest of the springs. They suggest as much as 1500 m
of Tertiary strata and overlyling basaltic lava flows would
account for the gravity low.

The structural and stratigraphic relatlonships at the
springs are typlical of those along the Aspen Range front:
the wupper Paleozoic formations In the uplifted block and the
upper Paleozolc and lower Mesozolic formations 1In the
downdropped graben. Surficlal deposits of Cenozolc age
cover most of the graben (Figure IV-8b).

Active travertine deposition apears to be occurring from
the Woodall springs. The springs are located In the southern
portion of a 950 hectare, 16 km long travertline terrace which
abuts the base of the Aspen Range. Woodall spring (3) Issues

from the bottom of a .6 to 1.6 m deep, one hectare pond.

Water samples were taken at the north end of the pond where

gas, presumably CO,, was actively evolving. North Woodall
spring (4) lssues from a 1.5 m dlameter pool, about 1.5 km
north of Woodall spring. North Woodall Is located In an area
contalning numerous Inactive travertine ledges, pool

structures, and minor seeps. Both springs discharge from the
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upland area of the terrace where It abuts the Aspen Range. A
discharge of 365 |/s was measured for Woodall 1In +two
Irrigation diversion ditches whlcg filow from +the pond.
Dlscharge from north Woodall was estimated to be 30 1/s.

Total discharge from the Woodall terrace may be two to three

times the measured discharge, based on an airplane
reconnalssance of the area. In 1923, the total discharge
from the pond at Woodall was approximately 700 /s

(Mansfield, 1927). Damming of +the pond for agricultural
diversions since 1923 may have ralsed +the pond level,
Inducing leakage from the travertine bottom of the pond.
Formation spring (5), located at the base of the Aspen
Range 6.5 km northeast of the town of Soda Springs, Is one of
the major sources of water for that community as well as for
Irrigatlion for several local ranchers. The spring, which
Issues from the frontal fault zone, forms a small s?rgam
having a nearly constant flow of 680 to 710 |I/s. Mansfield
(1927) reported that similar discharges were measured several
times during 1923, Rocks of the Wells Formation have been
elevated at least 1000 m above similar rocks In the adjacent
graben along the " frontal fault zone. Surficial rocks
covering the Paleozoic and Mesozolc rocks In the graben are
Cenozolc basaltic lavas and travertine. Figure V-9 is an
east-west structure section through the spring area. ;f

Formation spring 1Is assoclated with a 515 hectare

travertine terrace, although the spring does not currently
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appear to be depositing ftravertine. Numerous well preserved
Traverflne ledges and assocliated pool structures occurring In
the area suggest that travertine deposition occurred 1In the
not too distant past. Many of the structures appear to be so
fresh that the early settlers called them formation rock and
named the spring after them.

East Soda spring (6) Is located east of Soda Springs In
the travertine belt along the front of the Aspen Range. The
spring Is actually several seepage areas In a one hectare wet
land at the head of a small draw cut into tlow hills of
Tertlary Salt Lake Formation near +the base of the Aspen
Range. A 300 hectare older travertine terrace, partially
covered by more recent alluvium and soll, Is present about
200 m +to the south. The deposlit may extend to the spring
area; however, the alluvial cover obscures this relatlionship.
Armstrong (1969) suggests that a trace of frontal fault may
be concealed by the surficlal deposits near the spring area.
Mabey and Orlel (1970) have Identified a gravity low whose
border 1Is colncident with the spring area. The gravity low
further suggests the exlistence of a burled frontal fault as
the spring source.

The springs of Sulphur Canyon (7) are bounded to the
east and west by two frontal faults of +the Aspen Range
(Armstrong, 1969). The springs were investigated by Peale

(1872), Richards and Bridges (1911), and Mansfield (1927);
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they are, for the most part, small, milky, cloudy pools of
cool water which emit large volumes of CO, and hydrogen
sulphlde gas. Gas also emanates from dry vents In surflclal
gravel deposits. |In some locations sulfur has been deposited
In the ln+ers+lces‘of the gravels and In nearby deposits of
the Salt Lake Formation. Only small quantities of water
discharge from the pools.

The floor of Sulphur Canyon [s underlain by travertine
which has been partially covered by more recent alluvium,
This travertine forms the northwestern border of the most-
areally extensive terrace 1In +the study area. In all, the
terrace covers 2000 hectares and extends to the south for 10
km. Formation of +the terrace Is most |lkely the result of
numerous now lnactive springs. Geologlc mappling by Cressman
(1964) and Armstrong (1969) and gravity work-by Mabey and
Orlel (1970) suggest more than 1500 m of vertlcai
displacement along the frontal faults of the Aspen Range In
the area covered by the terrace. Rocks In the Aspen Range
horst are the upper Paleozoic formatlons. Cenozolc deposits
of basa)jtic lavas, “travertine, and alluvium form the
surflicial deposits of the graben. The Tertiary Salt Lake
Formation and Mesozoic formatlons underlle the surficlal
graben rocks.

Water samples at Sulphur Canyon were taken from a
flowing artesian well In the spring area. Depth of the well

Is unknown,
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Swan Lake #1 (8) and Swan Lake #2 (9) springs Issue from
a travertine terrace In the bottom of Swan Lake Gulch, The
gulch has been cut into the front of the Aspen Range where
several faults of the frontal fault zone have been mapped
(Cressman, 1964). The stratigraphic sequence In the area Is
simllar to that found e[sewhere along the Aspen Range front.

Swan Lake Gulch travertine terrace Is part of +the 2000
hectare terrace connec?ing with Sulbhur Canyon to the north.
Swan Lake spring #1 issues from Upper Swan Lake (Lakey
Reservolr) which has formed on travertine deposits. Swan

Lake spring #2 lssues from the terrace about 1.5 km west and

50 m lower than Upper Swan Lake.  Swan Lake spring #2 Is not

affected by the Irrigation diversions from Upper Swan Lake
which suggests that the spring Is not part of an interterrace
flow system.

Henry Group (10-15). Six springs (10-15) In the
vicinlty of Henry have been placed Into thls group (Figure
Iv-6). All of the springs are warm, with water temperatures
In the range of 14 to 26°C. Four of the springs Issue from a
420 hectare travertine terrace at Henry, one from a 90
hectare terrace 5 km nor?thsf of Henry, and one from a small
travertine area along the Little Blackfoot River 1.5 km
southeast of Henry.

Surflclial Cenozoic deposits and the waters of the

Blackfoot Reservolr cover most of the Henry area and obscure
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bedrock relationships. Tﬁe springs occur along the northeast
border of the Blackfoot Reservoir graben ‘whlch Mansfleld
(1927) identiflied as a modified graben.

Faults mapped by Mansfleld (1927) in the spring area
inciude the normal Slug Valley and Pelican faults and the
Henry thrust (a minor splay of +the Meade thrust). The
Pel lcan fault has been relinterpreted by Armstrong and
Cressman (1963) as a tear fault.

Lone Tree (10), assoclated with a concealed terrace of
the Slug Valley fault, Iis located on a 90 hectare +travertine
terrace. Water of the Blackfoot Reservolr has Inundated the
southern portlion of the terrace, making determination of |{ts
total area Impossible. Discharge from a pool that is the main
spring discharge pofnf was measured at 3 |/s. Figure 1V=10 Is
a north-south structure section through the spring area.

Water sampleé were taken from the bottom of the pool In
an area evolving gas (presumably C02). Actlive travertine
deposition by +the spring appeared to be minor (If occurring
at all) and only a few small Jledges and pool structures,
considerably broken down by cattle, were In the area.

Henry Warm #1 (11), Henry Warm #2 (12), and Warm Spring
(13) discharge from the 420 hectare +travertine +terrace at
Henry. The terrace overlies a wedge shaped intersection of
the Slug Valley and Henry faults. Most of the borders of the
ferrace.are bounded by waters of Blackfoot Reservoir, makling

an estimate of the terrace's total extent impossible. Two
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small exposures of Wells Formatlion crop out Iin the "wedge"
area.

Henry Warm #1 (11) flows from two small pools about 6 m
apart In +the northeast portlon of +the terrace. Active
travertine deposition does not appear to . be occurring and
the pools are wevolving some gas (presumbly C02). Water
samples were collected from the bottom of the larger pool.

Discharge from the two pools flows Into a small creek,
where the flow was measured as 88 I/s In July, 1979. Visual
Inspectlons of the creek flow the following winter and summer
suggested that the dlischarge from the pools remains falrly
constant.

Henry Warm #2 (12) Is located about 800 m west of Henry
Warm #1 (11) In a nearly flat lying, one to two hectare area,
which contains numerous travertine cones and small active
sprlngé. The cones, many of which stand as much as 2 m high
and contaln stagnant water in thelir central craters, were not
active - springs during Mansfleld's (1927) = fleld
Investlgations. Six active springs, all having discharges of
10 I/s or less 1Issue from slightly elevated, Irregularly

shaped travertine structures which may be the eroded remalns

of small travertine cones. None of the springs appeared to

be depositing travertine and all were evolving CO2 gas. The

spring selected  for sampling was the most northwesterly one
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of the group and was discharging approximately 10 1/s during
vislits In the winter and summer of 1980.

Warm Spring (13), located about 650 m west of Henry Warm
#2 (12), lIssues from a relatively flat travertine mound of
about 15 hectares which has been built on the Henry terrace.
The mound rises about 9 m above the terrace and currently
issues water from a 2.5 m deep, 6 m wide pool. Approximately
15 |/s was dlscharging from the pool, and some 002 gas was
evolving from the bottom. Water samples were collected from
the bottom of the pool.

North Henry (14) discharges from a single orifice,
located about 150 m north of the Little Blackfoot River, and
flows across the northeasterly edge of +the Henry terrace.
The spring Issues from the Wells Formation which abuts the
Henry terrace along an extension of the concealed Wooley
Valley anticline; It Is probably related to the Little
Blackfoot River spring (15), although the travertine deposits
at this slte are connected to +the Henry terrace. Active
travertine deposlitlion does not appear to be occurring.

Little Blackfoot River spring (15) Is one of more than a
dozen small springs and seeps which occur along a 1000 m

reach of the Little Blackfoot River southeast of Henry.

Small travertine ledges crop out along the banks and the

bottom of the river. A +travertine mound covering a few

hectares has also formed on the lava flows south of and
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adjacent to +the river. Most of the observed springs flow
near river level along the north bank where +the Wells
Formation |[Is exposed. Also observed were some springs
discharging from the channel's bottom énd from the travertine
deposits along the south bank and the southern mound. Flow
from each spring 1Is generally small, appearing to be less
than 8 I/s. In late July, 1980, +ofa! spring discharges
accounted for approximately 1/3 +to 1/2 of +the river's
estimated 225 to 275 |/s flow. Water samples were collected
from one of the larger springs on the north bank.

Chubb Spring Group (16 and 17). Flve springs Issue
along a ftwo mile sectlon of the Chubb Spring fault at the
base of Little Gray Ridge (Figure |V=5). Water samples were
collected from two sites, Chubb Spring (16) and West Chubb
(17), which are Jlocated about 800 m apart. All of the
springs have discharge temperatures of about 12°C and appear

to have falrly constant discharges. Flow at Chubb Spring was

measured at 45 |/s, and flow at West Chubb was estimated to

be 8 I/s. Several site visits during the summer of 1979 and
the following winter and summer Indicated no obvious
discharge varlations.

Four of the springs flow from +the Monroe Canyon
Formation along the base of Llffle Gray Ridge, whereas the
tifth spring flows from Cenozolc basaltic lava which covers
the fault trace of the Chubb Spring faul+. No travertine Is

assoclated with any of the springs.
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Periphery Ihrust Fault Splay Groups

Georgetown Capyon Group (18=-20). The Georgetown Canyon
area Is one of the more geologically complex regions of the
study area. |In simplest +terms +the geology of the area
consists of a series of north~trending anticlines and

synclines resting on the sole of +the Meade +thrust fault

(Cressman, 1964). Many of +the folds have at |east one
overturned Iimb and have axial plane surfaces dlipplng
generally westwards. Because folding was contemporaneous

with thrusting, the bedding surfaces of the lowermost
formations Involved in folding crudely parallel the sole of
the thrust sheet. In thls area the sole of the thrust Is
warped into an anflcline-shaped flexure. Splays of the thrust
faulf cut upward from the thrust sole and cut through the
folded strata. The splays are <closely spaced and thelr
Tracés gehera!ly crop out parallel to the fold axls. Folding
of the overthrust sheet was also accompanlied by some normal
faulflﬁé of the folded strata. For the most part, the folds
plunge gently, 2° +to 3° northward, so that the southerly
drainage of the area exposes Iincreasingly older strata to the
south.

The folded rocks in the overthrust sheet are the Ilower
Mesozoic and upper Paleozolic formations common throughout the

Meade thrust region. The Jurassic Twin Creek Limestone lles
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nearly horizontally below the overthrust sheet (Cressman,
1964).

Springs In the area Issue from faults and appear to be
related to the Georgetown and Dalry synclines. Gerogetown
Canyon (18) Issues from a discontinuous splay of the Meade
thrust separating siices of the Wells and Monroe Canyon
Formations in the closed end of the Georgetown Canyon
syncline. This thrust splay Is one of a group of <closely
spaced splays whose outcrop pattern generally parallels the
west |imb of the Georgetown syncline and which have as much
as 500 m of total stratigraphlic throw (Cressman, 1964). The
splays turn eastward, cuttling across the syncline 1In the
spring area. Georgetown Canyon spring (18) Issues from a
polnt In the canyon where Twin Creek crosses the thrust
splay.

Georgetown Canyon Tallings (19) Issues along the base of

an abandoned phosphate mill talilings plle which fllls a small
tributary -canyon. The pile, located between an exposure of
the Meade thrust and a splay of +the thrust, 1lies on the

Lodgepole Formation.
Water from both springs 1Is <cool, 7 to 8°C. Nelther

spring Is assoclated with travertine deposits, although the

small hlll +through which the Meade thrust passes along the

south side of the tallings plle contalins a fault brecclia zone

and some small exposures of travertine not mapped by
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Mansfleld (1927) or Cressman (1964). Total discharges from
Georgetown Canyon (18) and Georgetown Canyon Tallings (19)
were measured as 408 and 448 1|/s, fespecflvely, in August,
1979, when there was no upstream surface flow Iin Twin Creek.

Big Spring (20) issues from the left fork of Twin Creek
where a normal fault crosses the creek bed. The fault has a
stratigraphic throw of about 90 m (Cressman, 1964). Trlassic
strata of the lower plate crop out north of +the fault, and
the folded Wells Formation of the upper plate crops out south
of the fault. Water from the spring is cool, 8°C, and the
spring is not associated with travertine deposits.

Eastern  Thrust Zone  Group (21-29). The eastern
perlpheryv of the Meade thrust allochthon is delineated by an
arcuate outcrop zone of splays of +the Meade <+thrust. Nine
springs In Thev central and southern segments of this zone
were sampled. Three of the springs issue frém thrust splays,
and the remalning six Issue from slices of strata bounded by
thrust splays. All of the springs discharge less than 300
I/s, have cool water and generally are not assoclated wlth
travertine deposlits. Auburn Hatchery (21), Sage Valley (22)
and South Fork (23) springs Issue from the Sage Valley
branch of the Meade thrust, Auburn Ha?chery (21) flows from
the Thaynes Formation, and Sage Valley (22) and South Fork
(23) flow from the Wells Formation. Flgure IV=-11 Is an
east-west structure section through Sage Valley. Auburn and

Sage Valley springs were zampled for 14C.
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Star Valley Hatchery (24), Fence Line (25), Brook (26),
New Salt (27), and Nuggett (28) springs Issue from sllices of
strata bounded by thrust splays. Dlischarge at Star Valley
Hatchery Is reported by hatchery personnel +to be fairly
constant +throughout the year. Brook spring (26) issues from
the bottom of a half hectare pond and may be associated with
an alluvially concealed thrust +trace In the Monroe Canyon
Formation, New Salt (27) iIssues from the Twin Creek
Limestone, has a salty taste and flows over a small
travertine deposit on the steep western slope of Crow Creek
Canyon. Nuggett (28) discharges from an exposure of the
Nuggett Sandstone along the outlet of Sage Valley. Crow
Creek (29) 1Issues from the Wells Formation near the contact
with the Monroe Canyon Formation. Nell Stewart (oral
communication, 1980) reports a nearly constant discharge of

about 60 1/s from this spring. Crow Creek was sampled for
14C.

Interior Groups (30-41)

Springs and wells asslgned to the Interlor groups are
those which are 1located In the interior reglions of the
allochthon and are not assoclated with a major extenslion or
periphery +thrust fault. All of these springs discharge cold
water and are assoclated with local structural-stratigraphlc
features. Detalled descriptions of these sltes are presented

by Mayo (1982).
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Apalysis of Chemlcal Data

Graphical Analysls and Hydrochemical Facles

Major lon analyses were plotted on Piper (1944) and
Stiff (1951) diagrams for visual Inspection. The Pliper plot,
or frilinear diagram, represents the ma jor fon
concentrations as percentages of total anlon or cation
equivalents on three distinct fields (Figure 1V=-12). Two
triangular fields at the lower left and right are catlions and
anions respectively, and the center diamond shows the overall
chemical character. Each analysis plots as a single point In
each fleld, so the lonlc distribution of numerous analyses
may be conveniently represented on the same dlagram.
Differences 1In the magnitude of ionic concentrations between
analyses with the same lonlc distribution are not, however,
presented.

Trilinear plots of the 41 analyses from the Meade thrust
area are shown on Fligure [V=-13, All of the analyses except
two (27 and 38) fall In the calclum bicarbonate +type facles
in the cation and anion flelds. The sample taken at New Salt
(27), from the Twin Creek Limestone In the Crow Creek area,
falls In the no dominant type anlon field as a result of the
high chloride content. The high chloride content most Ilkely
results from the overlying Preuss Formation. The Peterson

Ranch sample (38), taken from a shallow alluvial aqulfer In
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Slug Creek, falls In the no dominant type cation .fileld,
perhaps because of agricultural contamlination.

The data presentations on +he +rilinear dlagram are
consistent wlith the fact that the aquifers are predominant|y
carbonate. The data form a falrly tight cluster about the
calclum-magnesium cation and the bicarbonate <o lowermost
bicarbonate-chloride sulfate anlon facles. Interlior groups,
which are largely restricted to the lower Mesozolc strata,
have discharge waters which tend toward the calcium=-magnes|um
and bicarbonate fécles. Periphery extension and perlphery
thrust groups, which are largely restricted to the upper
Paleozolc strata, generally have discharge waters which fall
in the calclum-magnesium cation facies. Waters at Chubb (16,
17) and Georgetown Canyon (18, .20) belong +to the
bicarbonate-chloride sulfate anlon facles. Waters from the
remaining perliphery extension and perlphery thrust groups
tend to cluster in the bicarbonate anion facles._

Stift dlagrams facllitate the comparlson of total
concentration and lonic composition by +the wutilization of
graphical shapes (Figure 1V-14), The shape of the dlagram
represents composition, while the slze reflects
concentration. All of +the analyses except two (27 and 38)
have the Same general form, suggesting a predominantiy
IImestone aquifer with minor amounts of dolomite. There are,
however, significant differences 1In concentrations between

samples from the periphery extension group and the other two
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groups. The higher concentrations occur 1In springs with
large travertine deposlits, elevated discharge temperatures,

and Increased PC02 levels.

Ca/Mg Ratlos

Typlcal ranges of concentration ratlios of some major
lons In ground water samples are characteristic of many
diagenetic, metamorphic and magmatic processes (White,
1957a, 1957b, 1960; White and others, 1963; and Hem, 1970).
Of particular Interest to the study area Is the Ca/Mg ratlo,
which Meisler and Becher (1967) and Jacobson and Langmulr
(1970) demonstrated to be useful In ldentifying |IImestone and
dolomite aqulifers. The stolchlometric molar ratio of
calclium to magnesium in pure dolomite Is 1; higher ratios are
obtalned from limestone, siltstone, clay and shale. White
and others (1963) report Ca/Mg ratlos of water samples taken
from |Imestone aquifers may be.as high as 50 and are commonly
above 10, whereas arglillaceous aquifers commonly have ground
water whose Ca/Mg ratios are In the range of t to 3.

The Ca/Mg ratios of the samples analyzed are Ilsted In
Table IV-3 and are shown In cumulative-frequency distribution
plots grouped according to the major spring groups (Figure
Iv=15). Trends 1, 2, and 3 represent the periphery
extenslon, perliphery thrust and interlor (excluding eastern

Schmid Ridge Thaynes Formation springs and Cold Spring (33)
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Table IV-3. SI, Ca/Mg ratios, and Pcop of water samples collected in the Meade
thrust area, southeastern Idaho.

Loug
Spring identification pcoz Saturation Index (SI)
number and name Ca/Mg (atm) mydrite Aragonite Calcite Dolomite Fluorite Gypsum Halite Maqnesig
1 Corral Creek 1.98 -0.2 0.57 0.52 17.90 225.90 1.21 0.67 0.00 6.90
2 Sinkhole }.o7 -0.2 0.01 0.61 1.13 0.43 0.16 0.02 0.00 0.19
3  woodall 3.97 -0.8 0.01 0.64 1.25 0.33 0.13 0.03 0.00 ¢.01
4 North Woodall 4.76 -0.3 0.02 0.83 1.58 0.51 0.88 0.05 0.00 0.16
5 Formation 3.91 -0.9 0.02 0.41 0.82 0.14 0.06 0.42 0.00 0.09
6 East Soda 2.47 -1.4 0.01 0.59 1.20 0.43 0.03 0.02 0.00 0.18
7 Sulphur Canyon 3.76 -1.7 0.00 0.83 1.69 0.57 0.01 0.01 0.00 0.17
8 Swan Lake §1 j.e7 -0.9 0.02 0.76 1.46 0.55 0.02 0.04 0.00 .19
9 Swan Lake §2 2.64 ~-1.5 0.01 1.03 2.19 1.25 0.01 0.03 0.00 0.30
10 Lone Tree 4.92 -0.5 0.04 1.02 1.85 0.84 1.67 0.06 0.00 0.22
11 llenry Warm #1 3.12 -1.1 0.02 0.72 1.38 0.55 0.15 0.01 0.00 . 0.20
12 Henry Warm §2 3.91 -0.6 0.06 0.71 1.31 0.46 0.58 0.12 0.00 0.17
13 Warm Spring 3.57 -0.4 0.04 0.67 1.22 0.47 1.64 0.06 0.00 0.19
14 HKorth Henry 2.56 -1.2 0.01 0.52 1.00 0.35 0.09 0.01 0.00 0.17
15 Little Blackfoot River 3.71 -1.0 0.02 0.76 1.47 0.53 0.17 0.0} 0.00 0.18
16 Cnubb 1.87 -2.2 0.01 0.52 1.04 0.48 0.02 0.02 0.00 0.24
17 West Chubb 1.99 -2.1 0.35 Q.35 0.69 0.20 0.02 0.01 0.00 0.15
18 Georgetown Canyon 2.53 -2.2 0.01 0.27 0.57 0.09 0.00 0.03 0.00 0.08
19 Georgetown Canyon Tailings 2.50 -2.3 0.00 0.60 1.24 0.4] 0.01 0.00 0.00 0.18
20 Big Spring 3.39 -2.1 0.02 0.44 V.92 0.18 0.01 0.05 0.00 0.10
21 Auburn Fish Hatchery 1.70 -2.3 0.01 0.48 0.97 0.42 0.01 0.01 0.00 0.22
22 Sage Valley 1.87 -2.2 0.01 0.53 1.04 0.50 0.05 0.01 0.00 0.24
43 South Fork 1.57 -2.2 0.01 0.43 0.86 0.34 0.03 0.00 0.00 0.23
24 Star Valley Hatchery 1.94 -2.5 0.00 0.69 1.42 0.78 0.01 0.0l 0.00 0.28
25 Fence Line 2.14 -1.8 0.00 0.21 0.41 0.06 0.15 0.00 0.00 0.04
26 Brooks Spriny 2.18 -2.3 0.00 0.59 1.16 0.51 0.04 0.00 0.00 0.22
27 New Salt 3.03 -2.1 0.06 0.80 1.60 0.70 0.05 0.13 1.0.6 0.22
28 Nuggett 1.72 -2.1 0.01 0.448 0.97 0.42 0.01 0.01 0.00 0.22
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Saturation Index (S1)

Spring identification co
number and name Ca/Mg (atm) | Anhydrite Aragonite Calcite Dolomite Fluorite Gypsum Halite Maqnesite
29 Crow Creek Ranch 2.%52 ~-2.2 0.00 0.12 0.67 0.12 n.ot 0.01 n.00 0.09
30 Slump Spring 3.98 -1.9 0.00 0.28 0.06 0.56 0.01 0.01 0.00 0.50
il lower Lone Tree 5.13 -1.9 0.0l 0.3% 0.74 0.07 n.o0n n.01 0.00 n.05%
1) Lower Young Ranch 6.47 -1.7 0.n0 0.2R 0.62 n. 6 0n.00 0.00 0.00 0.31
31 Cold Spring 8.5) -2.1 n.no 0.54 1.19 0.10 0,05 0.0} 0.00 0.04
14 FMC 1.75 =2, 0.00 0.33 0.69 0.19 n.00 0.00 0.00 0.14
1%  Square PMPond 2.71 -2.0 0.n0 0.24 0.51 0.07 0.00 0.00 0.00 0.07
36  knudsen Ranch 2.60 -2.2 0.00 0.57 1.13 0.41 0.00 0.00 0.00 ) 0.18

— 37 Purple Spring 1.42 ~2.0 0.00 0.33 0.66 0.25 0.01 0.00 0.00 0.19

ﬁg 38 Peterson Ranch 0.71 -1.6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
39 Pelican Ridge #1 2.26 -.19 0.00 0.30 0.64 0.12 0.00 0.00 0.00 0.10
40 Pelican Ridge #2 2.28 -1.8 0.01 . 0.35 0.73 0.17 0.01 0.15 0.00 0.12

41 North Pelican 4.27 -2.4 0.00 0.28 0.58 0.56 0.00 0.00 0.00 0.50
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rigure IV-15. Cumulative frequency distribution of calcium-magnesium molar ratios in
ground water samples collected from springs and wells in the Meade thrust
area, southeastern Idaho. Ca/Mg molar ratios are grouped by discharge
groups. Mean (x) ..nd standard deviation (s) are shown for each group.
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groups, respectively. Trend 4 represents eastern Schmid
Ridge Thaynes Formation springs.

Statistical t+ tests were performed on the data In trends
1, 2, and 3 to determine If fheré Is a statistical difference
between the average values of Ca/Mg ratios among the trends.
Procedures used are those described by N§+rella (1963). The
t test fs based on +the ¢t probébillfy distribution and
compares the dlfference of +the sample means with +test
criteria calculated using preselected confidence interval.
Details of the testing are presented by Mayo (1982).

Trends 1 vs 2, 1 vs 3, and 2 vs 3 were tested utillzing
0.95 confidence Interval. The t+ +test demonstrated that a
statistical difference exlists between trends 1 and 2 and 1
and 3, and +thus we may conclude that a statistical
difference exists between the Ca/Mg ratios of the discharge
waters of the periphery extenslon aquifers and the perlphery
thrust and Interior aquifers.

Cumulative frequency dlstribution dlagrams commonly
provide useful informatlon for single-variant analysls and
they are a convenlient form for displayling data (Figure
IV=-15). The l|lInearity of a data trend Is an indlicator of the
normality of the distribution of a population. A normally
distributed population wlill plot on a straight trend. The
slope of the trend Indicates the degree of variation 1In the

population. A signlflicant deviation of a data polint from a
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population trend may suggest the data polint has been assligned
to the wrong ‘population.

The perliphery extension (trend 1) and the periphery
thrust (trend 2) groups generally discharge from the upper
Paleozolc formations which tend to be more carbonaceous and
less argillaceous than the lower Mesozoic formatlons. The
interlor groups (trend 3) generally dlischarge from the lower
Mesozolic formations, although dlschérge from the upper
Paleozolic formations Is not uncommon.

| The periphery extension springs (trend 1) have hligher
Ca/Mg ratlos and thus appear to draw thelr water from purer
| Imestone facles than do the springs of the periphery thrust
and Interior groups. Abundant siltstone and shale facles
reported In +the Ilower Mesozolc strata (Mansfleld, 1927;
Cressman, 1964; Montgomery and Cheney, 1964; and others)
probably account for the increased magnesium content of the
waters from these formations. Arglllaceous facles are
commonly rlch 1In magnesium bearing mlnerals and commonly
yleld ground waters with low Ca/Mg ratios. Dissolution of
dolomlte is probably not responsible for the low Ca/Mg ratios
In the lower Mesozoic strata; dolomite Is seldom reported In
the formations. Ca/Mg ratlos from flow systems In the
Thaynes Formation along eastern Schmid Ridge (trend 4) and
from Cold Spring (33) are not typlcal of most of +the flow

systems Investigated. Additlonal geochemical Investigations
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of the Schmid Ridge area are needed to explaln +the Ca/Mg

anomaly.

Mineral Equilibrium

The saturation Index Is a powerful tool for evaluating
the hydrochemistry of a ground water system. A S| less than
1 means the water |Is wundersaturated with respect to the
mineral and +the water would Ideally dissolve fhe.mlneral
when encountered In the aquifer. An Index greater than 1
Indicates the water Is supersaturated and has a thermodynamic
tendency to precipitate the mlneral.

Natural waters from carbonate aquifers are frequently
not at chemical equllibrium and are commonly undersaturated
or supersaturated with respect +to carbonate minerals.
Calcite solubliity 1is at least two times greater than
dolomite solubillity, which helps account for dolomi te
undersaturation In many waters saturated wlith respect +to
calclte. Numerous Investigations of carbonate saturation
have been done (Rauch and White, 1977; Drake and Harmon,
1973; Back and Hanshaw, 1971, 1970; Langmulr, 1971;
Hostetler, 1964; Hsu, 1963; Back, 1963; and others). In
general these Investigators concluded that carbonate
saturation Is influenced by kinetic effects as well as
thermodynamic equilibrium, allowing nonequilibrium conditions
to exist. Kinetic factors may be temperature, ground water

mixing, flow rates, 002 exsolutlon, reactlon rates,
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ITthology and grain size, or others. Armoring of carbonate
mineral surfaces by Inorganic specles may also be a factor.

WATEQ, a computer program developed by Truesdell and
Jones (1974), was wused +to calculate the lonic equllibrium
(saturatlon Index) of the water samples with respect +to 34
minerals, Ca/Mg molar ratlos, and P002 for the 41 water
samples. The minerals selected for dlscussion 1Include the
slx carbonate specles, fluorite, gypsum, which Is a likely
source of 5042—, and hallite, which Is locally associated with
lower Mesozolc formations in the Auburn Hatchery-Crow Creek
areas. The S| of the six mlinerals, PCOZ. and Ca/Mg ratios
are |lsted In Table 1V=-3,

Back and Hanshaw (1970), Langmulr (1971), Harmon and
others (1975), and others have suggested defining saturation
at SI = 1 + 0.1 to allow for measurement error; this
conventlion has been adopted here. Twenty-five of the samples
analyzed are saturated or supersaturated with respect to
calcite. Two samples, (1) and (9), are supersaturated with
respect to dolomite and three samples, (1), (9), and (13),
are supersaturated with respect to fluorite.

The areal distributions of calcite and fluorite
saturation are shown on Flgure 1V-16. The perliphery
extension springs tend to be saturated or supersaturated with
respect to calcite, the periphery +thrust springs are

undersaturated to supersaturated with respect to calcite, and
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Figure IV-16. Saturation of water samples with respect to calcite
and fluorite for 41 sites in the Meade thrust area,
southeastern Idaho.
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the interior springs are almost exclusively undersaturated
with respect +to calclite. The mean saturation Index of
calclte (SIC) of the periphery extenslon springs is 1.33, and
87 percent of the springs are above 0.90. The perliphery
thrust springs have a mean Slc of 0.93; however, only 60
percent of the springs are above 0.90. Undersaturation with
respect to calcite |Is characteristic of most Interlor
springs, which have a mean Slc of 0.74. Only two springs iIn
this group have a Slc above 0.90.

Statistical one sided t+ tests were performed on the data
to determine whether there 1[Is a statistical dlifference
between the average saturation Indices among the three
different groups of springs. The t+ tests demonstrated that
a statistical difference exists between trends 1 and 2 and 1
-and 3. The tests did not show a statlstical difference
between trends 2 and 3. Thus we may conclude that waters
discharging from periphery extenslion springs may be
statistically differentiated from waters dlscharglng from
periphery thrust and interior springs.

There appears to be a relatlonshlip between SlC and
bedrock I|Ii1thology. The perliphery wextenslion springs which
discharge from the upper Paleozolc formations, tend to be
saturated and supersaturated. The periphery thrust springs,
which discharge from the upper Palezolc and lower Mesozolc
formatlons, have discharge waters which are undersaturated to

supersaturated. Most of the Interlor springs, which
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discharge primarily from the lower Mesozoic formations, have
discharge waters that are generally undersaturated.

The apparent relationship between Sl and bedrock
Itthology 1Is not casual, however; it may be explalned as a
function of the thermal regime of the aquifers. Uniike most
minerals, <calclite tends to be less soluble In warmer waters
and the control of calcite saturation 1Is primarily thermal
rather than aquifer dependent. Most of the carbon in ground
water is taken wup by solution 1In +the cool, unsaturated
recharge zohe, which fixes the Sl. for that temperature.
This Is reflected by the observed St. of the waters of the
Interior aquifers. Those waters whlch underwent some warming
In the path to the surface became more sa+urafgd in calcite
not by further upfake, but due to the reduction of calclte
solublility at these higher Intermediate +temperatures. This
concluslion s supported by WATEQ calculations for
temperatures different than ones observed, and by the
apparent lack of change in the Sl. of noncarbonate minerals,
which do not track the high SI In warm waters (Table 1V-3).
These warm water temperatures need not have been high enough
to cause an 180 shift, because calclte saturation 1Is much
more temperature senslitive. Therefore the high degree of
calclte saturation observed in the discharge waters of many
periphery springs must have resulted from greater clirulation

depths.
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Fluorite saturation of three analyses, (1), (10), and
(13), and near saturation of a fourth (3) may Indicate that
these waters have at some time been in contact with +the

Phosphoria Formation. The Phosphorlia Formation is the only

known source of fluorite In the study area. All of these
springs and the well discharge from the Wells Formation,
which underlles the Phosphoria Formatlion. Lowell (1952)

Identifled abundant fluourapathite and fluorite 1In *thin
sectlion and x-ray analyses of the Phosphoria Formation [n the
Meade thrust area.

The saturation indlices for anhydrite, gypsum, and
magnesite Indicate that +the discharge waters of all sites,
excluding Corral Creek (1), are substantially .undersaturated
with respect to these minerals. Such low saturation indices
may suggest that these minerals are not In high
concentrations [n the aquifers. Hallte saturation (Sly) Is
less than 107 for all samples analyzed. The SI, of 1070
for the water of New Salt (27) suggests that the discharge
water does not flow through halite beds which have been
reported In the spring area or that ground water mixing Is

occurring.

Ca-Mg-HCO, Concentrations
Substantial dlfferences exist between the <concentration
of carbonate dissociation products In the discharge water of

the perliphery extension group and the water of the other two
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groups. These differences are represented graphically as

Stiff dilagrams In Figure 1V-14, The discharge waters of the
periphery extension group have a mean Ca-Mg-H003
concentration of 23.3 meq/l (standard deviation 9.4). The
discharge waters of the periphery thrust and Interior groups
have mean concentrations ranging from 8.5 +to 8.9 meq/|
(standard deviations of 0.7 and 1.6, respectively).

Mayo (1982) dliscusses potentlal responsible mechanisms
for the varlatlon iIn concentrations of carbonate dlissociatlion
products. He <concludes that +the differences may reflect
differences 1In recharge hlstories of +the +three aquifer

groups.

Deuterium-Oxygen Analysis

Hydrogen has two stablie Isotopes, 1, and 2, (deuterium

H H
or D), whose terrestrial Isotoplc abundances average 99.985
and 0.015 percent, respectively. Oxygen has three stable
Isotopes, 160, 170, and 180, whose terrestrial Isotopic

abundances average 99.756, 0.039, and 0.205 percent,
respectlively. Water molecules therefore have nine dlifferent
stable isotopic configuratlions whose atomlic masses range from
18 to 22. The physio-chemlcal behaviors of these various
Isotopic forms of water depend on thelir chemlcal activities,
which are related +t+o their vapor pressures (Faure, 1977).

16p,

The lightest water molecule, 1H2 has a signiflcantly

higher vapor pressure than does the heaviest water molecule,
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02180. The differences in chemical activity +tend +to

concentrate water molecules containing the Isotopes 180 and
D In certain reservoirs (e.g., atmosphere, surface water,
ocean, ground water, etc.) 1In +the hydrologic cycle by
Isotope fractionation.

Knowledge of the absolute abundance of these Isotopes of
hydrogen and oxygen Is extremely difficult to obtain and has
proven not to be necessary +to hydrologlic and geologilc
studies (Faure, 1977). Rather, mass ratlo mass spectrometry
permits the determination of certaln iIsotopic ratlios In water
wlfhvrelaflve ease. The ratios most Important in +the study
of the water within the water cycle are 80/160 and D/IH. In
each <case this |Is the ratio of the abundance of the second
most common stable isotope to the most common one. Thls
allows these ratios to be comparable in different studies
using different mass spectrometers. WIithout determining any
absolute abundances, the 180/ Hb and D/IH are expressed In

terms of the parameter 6§, which Is defined:

18 ,16
5180 % /00 = ((180/160) sample 1) 103
(*“0/""0) standard
) (D/lH) sample 3
8D “/o0 = ( p - 1) 10

(D/lH) standard

By convention, the reporting standard has become SMOW
(Standard Mean Ocean Water), which was originally a defined

value and was not based on a physical standard (Cralg,
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1961a). The IAEA (lInternational Atomic Energy Agency) In
Vienna has fecenfly prepared a physical standard. The

standard 1Is a COZ( and has been equilibrated with SMOW.

g)
All stable Isotopic compositions presented In thils
Investigation are reported with respect to SMOW.

The +tendency for specles of different Isotopic
composition, but identical chemical composition, not to
equilibrate 1identically In a chemical or physical phase
change (l.e., Isotopic fractionation) is femperafure
dependent. This temperature dependence Is Important to this
Investigation in two ways. Flirst, It controls the occurrence
of certain isotopes in the precipitation-evaporation-ground

water recharge cycle. Second, It controls the occurrence of

certain isotopes in ground water In geothermal regimes.

During evaporation, the more volatlle light water
molecules (primarily 1H216O) tend to enter the vapor phase,
concentrating the heavier and less volatliie molecules of
DH160 and H2180. We may neglect the molecules 02160, DH180,
02180 and all molecules contalning 170, since they

cumulatively make up 1less than 0.06 percent of water

molecules, as opposed to 99.7 percent made up by 1H2160 and
about 0.3 percent made up by the D and 180 specles. This
concentration results in a residual phase 1In evaporation
enriched 1in heavy isotopes and a vapor phase depleted of
them. At high temperatures, approachling boilling, the

difference Iin escaping tendency diminishes toward zero. A
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second fractionation important in hydrogeology is that which
occurs In the equilibration between oxygen In ground water
and slilicate mlnerals of +the aquifer matrix. At |l ow
temperatures the reaction rates are too slow to show any
appreclable equilibration. Above about 80°cC, an

180

equllibration takes place which tends to concentrate in

the water and +to deplete +the sllicate minerals. Unlike

evaporation, during which both D and 180 are concentrated In

180 of the water Increases, slince there Is no

the water, only
apprecliable hydrogen In the rocks of the aquifer matrix
(Cralg, 1963, 1966).

In a detalled study of continental precipitations, Crélg
(1961b) observed a linear relationship in 18O/D space. The

band In which over 1000 analyses fell has an equation of:

50 = 858 + 10
1+ Is Iimportant +o remember that not all continental
precipitation will fall directly upon this line, but tend to

group near |t. The line Is frequentiy called +the Craig or
Meteoric Water |ine. Notice that the standard SMOW does not
Ile upon this line (since I+ plots 80 = 60 o/oo, D = 0
o/oo) because It Is not meteoric water, but |les beneath, on
the isotoplcally enriched side of |It. The Iocaffon of.
meteorlc waters wupon +the Cralg line Is a function of the
condlt+lions under which +the preclipitation falls. During
condensatlion the Ilghter isotopes tend to remaln In the vapor
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phase, and this fractionation Is also temperature dependent.

Precipitation falllng in areas wlith higher temperatures or at

lower latitudes tend to have higher 8D and 6180 values than
does precipitation falling In areas with lower temperatures
or higher latlitudes. In a particular reglon the lowest &D
and 5180 values tend to occur at the higher elevations where
the alr temperatures are generally Ilower. At a single
location a seasonal migration along the meteoric water |lne

may be observed, as recently demonstrated by the semiseasonal
variations In &D and 5180 observed by Turner -and others
(1980) in the Tucson basin, Arizona.

The D and 618

0 values of geothermal water and steam
have been Investigated by Craig (1963, 1966). Geofherma[
water heated above 70 to 90°C'dlsplays oxygen Isotope shlffs
of +5 o/oo or more due to the progressive equllibration of

oxygen In the water with oxygen In carbonate and silicate

rocks. The 6D value of the water remains wunchanged because

~of the low hydrogen content of these rocks. The magnltude of

the oxygen shift lIncreases with temperature and resldence
time.

Tge results of the stable lsofoplcv analysls for
thirty-eight samples from the study area are summarized In

Table 1V-4 and are shown graphically on Figure 1V=-17, The

analytical error bars of 20.2 o/oo for 6180 and +3 o/oo for

8D are too smell to appear with each data point. All +the

results fall into the narrow range of -16 to -19 o/o00 In 5180
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Table IV-4. peuterium and oxygen-18 analyses of spring and
well waters in the Meade thrust areas, south-
eastern Idaho.
Spring identification 18 o - °
number and name §770 (7/00) D ( /oo)
1 Corral Creek -18.4 -119
2 Sinkhole -18.2 -132 o
3 Woodall -18.2 -130 i
4 North Woodall -17.6 -124 '
5 Formation . =-18.3 -139
6 East Soda -18.1 -139
7 Sulphur Canyon -17.6 -128
8 Swan Lake #1 ~18.3 -140 ®
9 Swan Lake #2 -17.7 -131
10 Lone Tree -18.5 -133
11 Henry Warm #1 -18.1 -140
12 Henry Warm #2 -18.4 -133
13 Warm Spring -18.4 -135
14 North Henry -18.4 -139 o
15 Little Blackfoot River -18.3 -132
16 Chubb -18.3 -136
17 West Chubb - -
18 Georgetown Canyon -18.0 -131
19 Georgetown Canyon Tailings - --
20 Big Spring -17.9 -129 o
21 Auburn Fish Hatchery -18.5 -131
22 Sage Valley -19.0 -130
23 South Fork -18.6 -121
24 Star Valley Hatchery -18.2 =129
25 Fence Line -17.8 -128
26 Brooks Spring -17.2 -123 o
27 New Salt -- . -
28 Nuggett -18.8 -143
29 Crow Creek Ranch -17.6 -128
30 Slump Spring -- --
31 Lower Lone Tree -17.3 -137
32 Lower Young Ranch -17.5 -136 o
33 Cold spring ' -17.1 -122
34 FMC -16.8 -134 !
35 Square Pond - -
36 Knudsen Ranch -17.5 -131
37 Purple Spring -17.7 -138
38 Peterson Ranch -- - ®
39 Pelican Ridge #1 -17.9 -130 :
40 Pelican Ridge #2 - -
41 North Pelican -17.8 -116
o
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Figure IV-17. 6D and 6180 values from spring and well waters in the

Meade thrust area, southeastern Idaho.




and -116 to =143 o/o0o0 iIn §&D. Although these are not
meteoric waters, they have not undergone any process which
has moved thelr stable Isotopic composition appreclably away
from the meteorlic water line. The small scatter in the data
permit the following conclusions to be drawn:

1. wvarlations in rechérge altltudes cannot be determlined;

2. summer versus wlinter recharge can not be distinguished;

and
3. the waters have not been elevated above approximately

80°C.

Radlocarbon Chronometry
Origin_ of Carbon=-14. Carbon=14 or radlocarbon, Is

produced In nature by the bombardment of atmospheric

nitrogen-14 with secondary neutrons from cosmic ray
spallation reactions. Libby (1946) suggested that
atmospheric production of radlocarbon 1is contlinuous and
occurs at a constant rate. He assumed a constant cosmic

radiation Intensity over a long perlod of time and a constant
neutron flux.

As Is the <case with stable Isotopes, the absolute
abundance of 14C Is not determined In an analysis. Thlis
hypothetical atmospheric equilibrium concenfraflon has been
arbltrarily assligned a value of 100 percent modern. This
corresponds to a 14C decay rate of 13.56 dislintegrations per

minute per gram of carbon (Bq/g) (Olsson, 1974). All 4
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activities 1In +the environmenfal sciences are reported wlth
respect to this standard in units of percent modern carbon
(pmc).

Direct veriflication of the paleoatmospheric 14C content
Is not possible. Paleontologlcal and stratigraphic studies
suggest that there has been a relatively stable relationshlp
between the atmosphere and atmospheric 002 during the past
1.0 x 107years (Cloud, 1968). The 14C analysis of bristle
cone pine tree rings, which reflect the u% content of the
atmosphere In the vyear +they were formed, has allowed a
detailed reconstruction of the 14C varlatlons In the
atmosphere in the last 8,000 years (Klein and others, 1980).
Suess (1955) has shown twentieth-century wood formed prior to
nuclear weapons ‘testing to be almost 2 pmc lower in 14C
actlvity than nineteenth-century wood. He attributed this to
the Introduction of CO, contalning no h% Into the atmosphere
by the combustion of fosslil fuels. This phenomenon Is known
as the "Suess effect”. |In 1958 deVries demonstrated that the
radiocarbon of the atmosphere has varled systematically and
that 14C activity was about 2 pmc greater around 1500 and
1700 AD +than in +the ninteenth-century. These periods
correspond to periods of increased cosmic ray flux.
Explosion of nuclear devices ralsed the 140 actlvity In the
atmosphere to over 200 pmc at the peak In the 1960's, The

atmospheric 14C content has decreased since then to about 120

pmc, due to the transfer of 14C from the atmosphere to the
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ocean reservoir of carbon. This great pulse of
hydrologic <cycle serves as an Ideal +tracer of post bomb
waters and has proven of great value In this Investigation.
Principles of Radlocarbon Chronometry. Radlometric
datling usling 14C Is based on the princliple that materlal such
as water which Is open to the atmosphere and exchangling with
It has a 14C content similar to that of the atmosphere. When
the material 1Is no longer In contact with the atmospheric
reservolir, the 140 which decays Is no longer replenished by
that reservolr and +the - C content begins +to decrease
according to the law of radloactive decay. The law may be

used to predict the time since the sample was Isolated from

the atmospheric reservoir. This equation may be written as

follows:
T A0
t “ Tog 2 log —KE
where:
t = time since the sample was isolated from the
atmosphere (or age),
t = radlioactive half |lIfe,
A = speclfic activity at +tIme zero (initial
activity), and
A = speciflc activity at time t.

Carbon-14 has a half life of 5730 *30 years (Godwin, 1962),

which allows the above equation to be simplified to:

181

i




gw
{
i

Inherent assumptions 1In radiocarbon .chronomefry are:
1. Aols known;
2. there Is no loss of activity except for natural

disintegration.

These assumptions are seldom met since most dlissolved carbon
is not of direct atmospherlc origln In natural ground water
systems. The mechanisms controlling the initlal 14C activlity
in ground water are described In the next section. Mayo

(1982) provides a more detalled discussion of the subject.

Mechanisms_ Controlling_ the_ Initlal_ !%c Activity in
Ground Water., There are two fundamental reasons why the 14C
activity of water issuing from a spring is not equal to the
atmospherlc l4¢ activity of 100 pmc. Flirst, some 14¢ has
undergone radioactive decay, as described above. Second, the
water has undergone Interactions with various reservolrs of
carbon of different Isotoplc compositions, alterling the
chemical and Isotopic carbon composition of the solutlon.
The law of radioactlive decay can be used to determine the age
of the sample after accounting for all these iInteractions
because the only change Iin actlivity unaccounted for is due to

decay. Therefore, an understanding of these Interactlions |Is

essentlal to ground water dating (Wigley, 1975).
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Garrels and Christ (1965) show that because of pH
constraints, a falling rain droplet can take up only a very
small amount of atmospheric COZ' This small amount, on the
order of 1 meq/l HCO3—, cannot account for the +total
blcarbonate normally found In ground waters, which Is on the
order of 5 to 8 meq/| HCO3- (Vogel and Ehhalt, 1963). The
rest of thls blcarbonate must be taken up farther along the
path of the water, either In the soll zone during recharge or
In the aquifer Itself.

From a mass balance perspective, recharge through +the
soll In the Meade thrust area may be considered as a system
open to a reservolr of 100 pmc phytogenic CO2 In contact with
a small to medium (but finite) reservoir of dead mineral
carbonate. Humlc aclds and sillicate minerals are also

potential sources of 002 (Gehy, 1970; Vogel and Ehhalft,

1963). They are unllkely sources In the Meade thrust area
because they are commonly associated with swampy condltions
or crystalline rock areas. | The recharging water becomes
closed to the 002 reservoir when |t passes Iinto the phreatic
zone. In the case of waters In the study area, the amount of
COZ(aq) retained 1in solution Is small compared to a

relatively Infinite reservolr of CaCO3 In the aquifer matrix.

Further uptake of dead carbon may occur here, but slince a
+

soure of H for thls reactlion is no longer avallable, the

total amount contributed here probably Is small.
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The sources and contribution of carbon *to solution In
the study area are thus well defined. The influence of
|so+6plc fractionation during these processes must also be

consldered.

lsotopic Eractlopation. Chemical and Isotoplic
equilibrium are not necessarlly synonymous. Each of the
chemical processes that occur In a ground water system Is

accompanlied by an isotoplic fractlionation (Muller, 1977, 1980,
1981). The Isotopes of carbon +tend also, like those of
oxygen and hydrogen presented earlier, to prefer some phases
over others. Thls preference Is reflected In the Isotopic
enrichment factor e. |

Only one enrichment factor of the Isotopes 14C and 130
needs to be determined because of a linear relationshlp
between the fractionation behaviors of the two (Wigley and
Muller, 1981). The values for 13C are conventionally wused.
Fractionatlon (and +thus ¢€) Is temperature dependent; this
dependence must be considered when treating for the
redistrlbution of (Iisotopes In +the system. The method for
accomplishing this treatment Is through modeling the Initlal
activity of +the water A_. 'If this is done correctly, the

(o]

difference between A/ and A In the radlometric dating

equation will be the age of the water.

Modelling Ao’ From the previous discussion it Is clear

that the problem of radiocarbon hydrochronometry 1Is
estimating A . A number of models have been developed for
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estimating the initial 1%C activity of ground waters. These
models are based on: 1) empirical relationships, 2)
carbonate stolichiometry, 3) carbonate equilibrium, 4)
Isotoplic mixing, 5) Isotoplic fractionation, and 6)
comblnations thereof. Reviews of the current models are
presented by Mook (1976) and Fontes and Garnier (1979).

Two models, that of Tamers (1975) and that of Pearson
(Pearson and Hanshaw, 1970) were used In this investigation.
The actual model <calculations were done by  using a
preliminary form of the SAGE (Sandia Age of Ground Water
Estimator) code belng developed at Sandia National
Laborafofles, Albuquerque, New Mexlco (Muller, 1980). The
Tamers model <calculates A, using stolchiometry and isotopic
equilibrium éonslderaflons. The model Is a simple mixing
model which sets A, as the activity of dissolved original
organic carbon dlluted by dissolved Inorganlic carbon. In the
SAGE code, the Tamers model has been modifled to account for
Isotoplc fractionation between COZ(aq) and bicarbonate and
between mineral carbonate and blicarbonate (Muller, oral and
written communlca?lbn, 1981). The Pearson model s an
isotoplic mixing model which calculates A, on the basis of
130. Thls model uses the stable 13C content of the water,
which Is not subject to radloactive decay, as an analogy +to
14¢  content. The 13c content of carbonates dissolved in the

ground water was determined in the laboratory at the time of
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the 140 analyses, and Is represented In terms similar to the

notatlon used for stable hydrogen and oxygen:

13 _ (13C/12C) sample
t77C o/o0 = 13,12
(*°C/"°C) standard

The standard is the conventlionally accepted refefence of Pee
Dee Bellenite (PDB). All 13C values are expressed with
respect to this standard In this study. The model accounts
for mixing (under stolchiometric and non-stolchiometric
condlitions) and Is based on |llnear mixing of 13C and 14C from
the soll gas and aquifer reservolrs., A discussion of these
models and other models is Included In Mayo (1982).

Ground Water Ages from the Meade Thrust Allochthon.
Nine springs and one flowing well were sampled for
radiocarbon dating. Sit:z selectlion was based on three
criteria:

1. a wide areal distribution of slites,

2. representative of the flow systems being evaluated,

3. minimal potential for atmospheric <contamination of +the

samples.

One site, Corral Creek (1), was selected because it
represents a thermal flow system from +the adjacent Parlis
thrust block. Four sprilngs, Sinkhole (2), Formation (5),
Henry Warm #2 (12) and Chubb (16), are representative of

springs of the periphery extension group. Four springs,
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Georgetown Canyon (18), Auburn Hatchery (21), Sage Valley
(22), and Crow Creek (29), are representative of the
periphery thrust group. One spring, Knudsen Ranch (36), s
from a shallow |Interbasin ground water flow system of the
Iinterior group. Samples of mineral carbonates from the
aquifer were collected at sltes (2) and (22) for Ll3g
analysis. The 14C content of the carbonate was taken to be
zero.

Chemical and Isotopic parameters for the models were
obtained from fleld and laboratory analysis and from WATEQ

calculatlons. Certain Isotoplc parameters were estimated and

adjusted during the computational process. The sources of

parameters are listed beilow.

Parameter Source

CO2 (mm/ 1) WATEQ
HCO,™ (meq/1) Field
C0,°" (meq/ 1) WATEQ
',HCO3- WATEQ

pH Field
Temperature (C°) Fleld
Sample 6130 (o/00) Laboratory
Aqulfer 6130 (o/00) Laboratory

Soll gas 5130 (o/00) Estimate (adjustable)

Sample A14C (pmc) Laboratory

14

Aquifer A°'C (pmc) Estimate (adjustable); assumed

0 pmc for old marine carbonates
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Soll gas A14C (pmc) Estimate (adjustable); assumed

100 pmc for prebomb water.
Computer runs of both models were made for each site by

an Iterative process. For the first iteration the adjustable

parameters were set at soll gas 6130 = =20 o/oo, aldc = 100

pmc and the mineral phase A14C = 0 pmc. The mineral phases

130 was set at 3.97 o/oo for Slinkhole (2) and 3.28 o/oo for

13C

Sage Valley (22), whlich correspond to the § contents of

the aquifer carbonate samples at these sites. An average of

the two values (3.6 o/00) was used for the remalnder of the
analyses. A convergence between the Tamers and Pearson
models was checked. |f the models dld not converge, the soll
gas 3130 parameter was adjusted and the models were rerun.
Iterations conflnuedA In this manner wuntil A, convergence
occurred. Convergence of these models Is of great Importance
and physical meaning, since It Indlcates fﬁaf two completely
Iindependent approaches to modeling A, have prgdlcfed the same
value under the same (and reasonable) Input conditions. The
Impllications of this convergence are further dlscussed by
Mayo (1982). The final soll gas 513C parameter at each slte
was adjusted to maintain consistent Input values for simllar
ground water flow systems.

After convergence was obtained, the ground water age ﬂas
calculated from the general law of radioactive decay. Final

input parameters and estimated ground water ages of +the ten
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sites are |listed 1In Table IV-5 and the distribution of
radiocarbon age Is shown on Flgure 1v=-18.

Caution should be used when conslidering the concept of
"age" as appiled to ground water. The concept of "age" Is
only clearly defined In Iinear, one directionail, non-mixing,
confined ground water flow systems. Such systems are
uncomhon In nature. In all other cases the "age" of ground
water, as predlcted by the methodology developed here, Is an
indication of the mean travel time, or "mean age" of the
varlous parcels of water Issulng from the spring. Spring
discharge is an integration of many events, over a perfod of
time, and with diverse physlical and chemical hlstorles. As
such the predicted ground water age also reflects +this
Integration. In some environments |lke fracture rocks, the
fundamental assumptions Implled In this integratlion become
questionable. ‘The ground water flow systems being studled
here are partiularly well suited for 14C dating because of
thelr slze, geometry, and confinement.

Ao convergence of the two models was not possible at
Corral Creek (1), Sinkhole (2), Formation (5), and Henry Warm
#£2 (12). The results from the extended Tamers model are
considered more relliable, since the springs at these sites
were actively evolving COZ gas. The Pearson mode! asumes

IInear mixing between the gaseous and mineral phases in the
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Table IV-5.

flowing well in the Meade thrust area, southeastern Idaho.

Ground water ages and dating input parameters of nine springs and one

061

Estimated Age Model Used
14 14

(years; BCI- T-Tamers; - P 100" 00-2 6”c ﬂnc 6”c A“c AC AT C.
Sample Name Bomb Carbon TP-Tamers & o, neo, 3 Temporature sample mineral soil gas sample mineral soil gas
and Number Identitied) Pearson (mo/1)  (meq/1)  {mea/l) JHCO,  ph (°c) ("/an) ("/0on) (“/00) {pmc) (pmc) (pmc)
Corral Creek % ,500 T 16. 40 46.6 0.900 0.793  6.58 3.0 2.2 160 -- 0.80 0 100
(1) * 3,000 *n.14
Sinkhole 12,500 T 2.7 a1 0.001 0.890 6.8l 1.0 - 197 - 13.9 0 100
2) t ), 000 + 0.2
Formatjion 14,500 T 6.22 n.2 0.0n2 0.887  6.60 1.3 -1.7 1.60 - 12.2 0 100
(5) ¢t 1,000 + 0.1 :
Henry Warm 82 20,500 T 10.40 14.) 0.002 0.854 6.44 19.5 -2.4 3.60 - 6.19 0 100
(12) + 2,000 +0.2Y
Chubb 1,850 ™ 0.29 3.9 0.606 0.913  7.52 12.3 -9.0 2.58 -19.0 4.1 0 100
(1) + 200 v 0.6
Ceorgetown
Canyon <300; BCI ™ 0.3% 3.2 0.003 0.920 7.40 1.0 -9.6 3.28 -21.,5 59.87 0 110
(22) t 0.63
Crow Creek <300; BCI ™ 0.04 3.7 0.004 0.9231 7.41 6.8 -1n.4 3.28 -21.5 61.3 0 110
(24) + 0.8
Sage valley 450 % 50 ™ n.29 1.0 0.000 0.917 17.51 11.5 -10.0 3.28 -21.5 52.7 [} o
28) . t 0.9
Auburn Fish
Natchery <3003 BCI ™ 0.29 1.8 0.005 0.921 7.54 9.5 -10.2 1,28 -21.5 52.7 [ 110
29) + 0.9
Knudsen
""";;" <300; BCI T 0.29 1.9 0.006 0.921 7.52 1.% -11.2% 1.60 ~231.5 61.7 0 11n
3
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-Figure IV-18. Radiocarbon ground water ages of nine springs and ®

one flowing well in the Meade thrust area, south-
eastern Idaho.

191




!
L

o
SR

S

prrand
o Nl

|
E

- em T

- G ey

reservoir and will not account for Isotopic enrichment of the
residual phase as CO, gas Is evolved.

Four sites, Georgetown Canyon (18), Auburn Hatchery
(21), Crow Creek (29) and Knudsen Ranch (36), required an
adjustment of the soll gas Alqc to 110 pmc. Without +this
ad justment the models would not converge and the ground water
age calculations resulted 1In rechage ages that are In the

future - obviously an error. A soll gas A14

C of 110 pmc 1Is
consistent with post-bomb recharge condltlions (l.e., the l|ast
20 years); however, It Is unilkely that these waters are l|ess
than 20 vyears old. The 110 pmc value probably Indlicates
mixing of modern and prebomb water. A 20% component of 150
pmc mixed wlth an 80% component of modern but prebomb soll
gas, at 100 pmc, could yleld the apparent 110 pmc. The 150
pmc contribution could only have occurred for a short
perlod. The proposed 150 pmc mixture Is highly uniikely, but

It does bound the "modern" age of the waters to no greater

than about 300 years mean age.

Aqulifer Temperatures

Discharge temperatures of springs and wells In the Meade
thrust allochthon are 26°C or less. Many of the springs may
be classified as geothermal. Maximum aquifer temperatures

of several springs and wells In the Blackfoot Reservoir area

were estimated by Mitchell (1976) wusing geochemlical
thermometers. Corral Creek (1), Woodall (3) and Sulphur
192




Canyon (7) were Included 1In Mitchell's Investigation.
Mitchell wused the followling geochemical thermometers:
silca, Na'/k*, ca®* and Hco,™, CIT/FT, mg?timg?t/ca®’,
Na2=/Ca2=, CI-/HC03‘ +C032‘, and Fournler and Truesdell
geochemical thermometer mixing models (Mitchell, 1976).
Mitchell concluded: 1) the chalcedony equilibrium

thermometer was the most rellable for the area and 2)
aqulfer temperatures do not exceed 50°C. The D/180 analyses
presented earller support thls concluslon. |t appears that
aquifer temperatures do not exceed 80°C and many are
probably less than 50°C.

Cumulative-frequency distribution +trends of dlischarge
temperature by spring groups (Figure [V=19) show that the
periphery extension springs (trend 1) have higher
temperatures and greater temperature variations between the
springs than do those of the perlphery thrust (trend 2) and
Interior (trend 3) groups. Statlistical one sided t tests
were performed on the data 1In +trends 1, 2, and 3 +to
defe#mlne I1f +there 1[Is a statistical difference between the

.average values of the temperatures among the trends. A 0.95

confidence interval was used for +the test. The t test
demonstrated that statistical differences exist between
trends 1 and 2, and 1 and 3. I+ 1is thus possible to

conclude that dlscharge waters from periphery extension

springs may be statistlically differentlated from discharge
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waters from periphery thrust and Interior springs.

A summary of t test results is shown In Table 1V-6.

U
Trends Tested (X = X)) Test Crlterlia
1 vs 2 5.73 2.87
1 vs 3 : » 7.68 2.99
2 vs 3 1.95 2.07

Two mechanisms, heat loss from Pleistocene volcanics and
the geothermal gradient, are the most |ilkely sources of heat
responsible for the warming of the dlscharge water of *tThe
periphery extension springs. Mabey and Oriel (1970) report
two cycles of volcanism in the Blackfoot Reservoir graben.
During the first cycle basalt accumulated 1In a local
depresslon east of the present reservoir; the basalt has been
dated by reverse remnant magnetism as greater +than 700,000
years before the present. During the second phase, basaltlic
volcanlcs accumulated In depressions south and west of the
present reservolir. The three prominent volcanlc cones,
China Hat, North Cone and South Cone, have been dated by K-Ar
methods as about 100,000 years old (Armstrong and others,
1975). The cones are located near the center of the graben.
They are chlefly rhyolitic and are thought to be older than

the second cycle of basaltic depositlion In the lava fleld.
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Four |lines of evidence suggest the shallow basalts are

not the heat source for the periphery extenslion group.
Flrst, springs 5-9 are located considerably south of the
volcanics in the graben. Second, the water chemistry of fhé
periphery extension springs 1Is not typlical of basaltic
waters. Basaltic aquifers genera[ly have high Ca/Mg ratios

and high ClI~ concentrations (White and others, 1963), whereas

- the periphery extension springs do pot. Third, spring

discharge elevations are above nearby elevations of the lava
fileld. Fourth, water table contours in the basalt, developed
by Dion (1974) a part of an Investligation of leakage from the
Blackfoot Reservoir, and independentiy developed contours by
Seltz and Norvitch (1979) Indicate shallow ground water flow
paths in the basalt are to +the southwest, away from the
periphery extension springs.

The reglional geothermal gradlent can account for max!ﬁum
estimated aquifer tempreatures. Temperature varlations
between spring groups may be explained by varlations in the
depth of clrculation patterns. Mansfleld (1927) and Mitchell
(1976) estimated a reglonal geothermal gradient of 40°C/km
for the Meade fhrusf area. Brott and others (1976) estimated
geothermal gradlents just north of the area, near Rexburg,
Idaho, to be in the range of 16 to 80°C/km. (Rexburg is on
the edge of the Snake Rliver Plaln.) Ralston and others (1981)

calculated geothermal gradlents in the range of 19 to 61°C/km
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from ol and gas exploration- borehole data from the

overthrust belt iIn southeastern Ildaho.

Elow Patterns Suggested by Chemlical and Ehxﬁlsﬁl_ﬂﬁiﬁ _

The complex rock-water Interactions that occur In ground
water flow systems may be described by an analysis of the
chemical and physical characteristics of the discharge waters
from the system. In a geologlically complex region such as
this study area, the chemical=-physical characferfsflcs of an
Indivlidual discharge are very complex. However, properily
organlzed and analyzed chemical-physical data allow the
classiflcation of characteristlics assocliated with the varlous
aquifer types In the reglon and the analysis of ground water
flow pafferns,

Three aquifer types have been ldentified in the sfﬁdy
area. The types are: 1) aqulfers discharging along
periphery extension faults, called perlphery extension
aquifers, 2) aquifers discharging along or near periphery
thrust faulfs, called periphery +thrust aqulifers, and 3)
aquifers discharging In the upland, interior reglons of the
allochthon, <called Interlor aqulfers. This <classiflcation
scheme, orliglnally selected on the basis of apparent
sfrucfural and stratigraphic controls regulating the location
of springs, has served well as an organlizational umbrella for

the characterization of the chemical-physical signatures of
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the waters analyzed. The chemical-physical characteristics
of the aquifer types are summarized fn Table IV-7.

Perliphery Extenslon Aquifers. The periphery extension
springs are the discharge area of a majJor group of deep
clrculating, reglonal +type aquifers whose Individual fiow
systems have simllar patterns and encounter similar geologic
condltions and whose waters have similar chemlcal-physical
properties, The aquifers are restricted to the upper
Paleozolc formations. Circulation patterns are largely
controlled by the <confliguration of the bedding 1In +these
formations; however, discharge patterns are fault controllied.
The aquifers have <calcium-blcarbonate type water resulting
from the dissolution of |imestone. The discharge waters have
the hlighest Ca/Mg ratios and concentrations of carbonate
dissoclation products In the study area. The discharge
waters are also saturated or supersaturated with respect to
calclte,. Discharge waters are generally In the low thermal
range, and appear to be heated as a result of the geothermal
gradlent. Calcite saturatlion appears to result from the
decreased solubility of calclite at the elevated +temperatures
encountered deep 1In the aqulfer. Dissolution of carbonate
minerals probably occurs under open system conditions in +the
presence of CO2 soll gas during the slow movement of water
through the unsaturated zone. This suspected slow movement

through the unsaturated zone may be +tThe cause of *the
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Table IV-7. Summary of the chemical and physical character-
istics of discharges from springs and wells in
the Meade thrust area, southeastern Idaho.

Periphery extension Periphery thrust Interior
Number of samples 16 10 11
Discharge temperature .
pean (°C) 15.1 9.4 7.3 @
standard deviacion 4.9 2.0 2.4 i
discharge alevation
pean (meters) . 1880 2063 varies greatly
standard deviation 19 117 na ' ®

Discharge voluma g

% springs having discharge

Radiocarbon age (y.b.p.)

12,500 to 20,500

less thaa {50

less than 20 l/sec 18.2 -] 67.1
zlpzinql having discharge
il - 99 1l/sec 36.4 30.0 14.3
z:prings having discharge
100 - 200 l/sec 18.2 0.0 . 28.6 L
Zaprinqs having discharge
200 ~ 625 1/sec 27.2 3o.0 0
Ca/Mg ratio ‘ —
mean 3.4 2,2 2.4
standard daviation 0.9 0.6 0.9 ‘
Calcite saturation Index
(SI)
c
mean 1.3) 0.93 0.74
standard deviation 0.38 0.31 0.22
% less than 0.9 12.5 40.0 8l1.8 ®
Zo.9 -1.1 12.3 30.0 0
2 greater than 1.1 75.0 0.0 18.2
Ca-.‘lq-m:DJ concentration '
mean (meq/l) 23.2 8.3 8.9
standard deviation 9.4 0.7 1.6 ®
]

less than 320

Discharge control

Daep seated exten-
sion faults.

Splays of the
l'eade thrust
fault: some bed-
ding plane.

B8edding plane
and shallow
extension fault.

Remarks

Massive travertine
dspoaics.

Interbasin dis-
charges are less
chan 20 l/sec:
incrabasin dis-
charges ars usu-
ally greater than
100 1/sec.
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increased concentration of calclte dissolutlon products,
Mean ground water residence times are In the range of 12,700
to 20,500 radliocarbon years.,

Ground water sfofage capaclty of these systems Is great,
as shown by the nearly constant and large spring discharges.
As a group of these aquifers support the largest springs In
the Meade thrust area. Ground water flow paths are prlmarlly‘
bedding plane controlied, and discharge Is controiled by +the
extension fault system, which truncates the upper Paleozolc
formations at depth, along the western periphery of +the
allochthon. The ascent of ground water along the extenslion
structures in the discharge area lowers the water temperature
and the conflning pressure. Lowered +temperatures and
confining pressures +frigger a serles of chemlical reactlons
resulting In the deposition of extensive travertine deposlfs
and the evolution of CO2 gas. The deposition of travertine
periodically seals spring discharge vents, causing a
migration of dlischarge areas along the extension fault
system.. In the discharge areas the flow systems appear to
have a common hydraulic head at about 1900 m.

Perlphery Jhrust and Interior Aquifers. The periphery
thrust and Interior springs aEe the dlischarge areas of
shallow +o posslibly moderately deep clrculating, local and
intermediate type ground water systems. The aqulfer systems
are contalned by the wupper Paleozolc and lower Mesozolc

tformations. Classification of the Interior aquifers Into
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Iinterbasin and intrabasin types, as proposed by Winter (1979)
and others, Is useful when describing thelr flow paths. The
Meak Peak Phosphatic Shale Member of the Phosphoria Fofmaflon
Is belleved to form a hydraullc barrier separating individual
aquifers within the Interlor and periphery thrust aquifer
systems. In general, Interlor Intrabasin ground water flow
systems occur above thls barrier, and Interior Interbasin
ground water flow systems occur below [+,

The periphery thrust and interlior aqﬁlfers have many
common chemlcal-ﬁhyslcal propertlies. Both aquifer groups
have calcium-bicarbonate type waters that are nonthermal and
low In carbonate mineral dissoclation products, and have |ow
Ca/Mg ratios. Desplite these similarities, there are
differences between the two aquifer groups. The most
signiflcant chemical difference Is the degree of saturation
with respect to calcite; discharge waters from the periphery
thrust aqulfers>are generally saturated, whereas those of the
interior aqulfers are not, Discharge volumes and
temperatures also help distinguish between the two groups.
Periphery thrust springs have slightly greater dlischarge
Tempera?ures and greéfer discharge volumes.,

Dissolution of carbonate mlnerals generally occurs under
open system conditions. Much of the recharge may occur on
steeper slopes where the residual material In the unsaturated

zone Is relatively thin. A thin layer of unconsolidated
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materlal iIn +the unsaturated ione may allow water to move
falrly rapldly through the unsaturated zone. Rapld movement
through the unsaturated zone would result in the water of the
saturated zone having a low concentration of carbonate
dissolution products and belng undersaturated with respect to
calcite. A consequence of +this undersaturation and the
shallow circulation of +the periphery thrust and Interlior
aquifers, which Iimlts significant warming of the ground
water, Is the sustained undersaturation of the water along
the flow path. Travertine deposits do not develop because the
discharge waters are undersaturated with respect to calcite.

Mean carbon-14 ages of Interlor Inferbasfn and perliphery
thrust ground waters are generally less than 300 vyears,
although a mean age of 450 vyears was determined for the
waters of one periphery 1hru§+ spring. A mixing of recharge
water contalning "bomb" carbon with other recharge waters In
these aquifers suggests +that the flow systems are not
hydraulically lIsolated along the entire length of their flow
paths. |

.Ground water flow patterns of both groups of aqulfers
are primarily bedding plane coﬁfrolled. DIscﬁarge locatlions
of the Interlor aquifers are typlcally at the Intersection of
a topographlc 1low and a bedding surface, although some
discharge locatlons are along shallow extenslion faults.
Splays of the Meade thrust fault regulate +the discharge

location of many periphery +thrust aqulifers. These thrust
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splays appear Juxtapose strata of differing hydraullec
conductivities and +thus form high hydraullic conductivity

zones parallel to the thrust surface.

Proposed Three Tler Ground Water Flow Model

This investigation has documented +the occurrence and
flow patterns of three major bedrock aquifers systems. These
systems are: 1} the interior aquifers descrlbed by Winter
(1979) and others, 2) previously undescribed system of
shallow aquifers along the eastern and southern borders of
the allochthon, and 3) the deep <clrculating aquifers whlich
have been postulated by some previous investigators.

The +three +tler mode |l proposed in this report
Incorporates the three major aquifer systems documented In
this report and the regional hydraulic barrier formed by the
Meade Peak Phosphatic Shale Member of the Phosphorla
Formation (Figure 1¥-20). The top two tiers describe groun&
water flow patterns in the Meade thrust allochthon, and a
third, lower tier describes the possible existence of very
deep flow systems. Tlers one and two are restricted +to
bedrock aquifers and are defined by thelr relative positions
to the low hydraulic conductivity zone created by +the Meade
Peak Phosphatic Shale Member.

Tier one ground water flow systems include most aqulifers
which dlscharge as springs [In the iInterlor reglons ofﬁfﬁe

~allochthon as well as a few aquifers which discharge along
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the periphery thrust splays. As previously mentloned, these
systems tend to be shallow to moderately deep <clrculating,
intermediate type flow systems. Flow paths generally tend to
foilow bedling planes and are perpendicular to the fold axlal
traces. Flow paths are also perpendicular to the +trend of
the ridge and valley system, since fobographlc trends are
coincident with fold trends.

Two tier one springs, Auburn Hatchery (21), and Star
Valley (24), have been identlified in the periphery thrust
group. These springs discharge along the northern portion of
the Webster Range where erosion has not exposed the upper
Paleozolc formations. It Is wuncertalin If the two springs
discharge from the same aquifer. The system(s) are recharged
at higher elevations In the Wébs?er Range. The dlscharge
waters are saturated with respect +to calcite, suggesting
deeper clrcula?lng flow paths than most Interbasin systems;
however, bomb carbon Identlifled In +the dlscharge water
suggests the aquifer(s) are not continuously hydraulically
Isolated from the surface along the flow path.

Tier two ground water flow systems include a few
aquifers which discharge as springs In the Interlor reglons
of the allochthon, most aquifers which dlischarge as springs
along periphery thrust splays and all aqulfers which

discharge along periphery extenslion faults.
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Interlor dlischarging tier two aqulfers have flow
patterns similar to the Infrabasin and Interbasin types of
tier one. These aquifers have very short flow paths and
thelir waters circulate shallowly. Periphery discharging tier
two aquifers may be divided Into west and east lobes. The
west lobe Includes all aquifers dischargling as perlphery

extension springs and the east lobe Includes the perliphery

thrust aquifers supported by the uppper Paleozolc formations.

Both |obes have been further divided Into sublobes on the
basis of similar geologlic and hydrologic characteristics and
probably similarities in flow directions.

Determinations of flow path directions and recharge
areas are hampered by the complex folding and faulting and
the absence of potentiometric data. It Is possibie, however,
to speculate about some fiow directions and recharge areas by
makling +two assumptions: 1) +the bedding plane flow path
control mechanism which domlinates +tier one systems also
dominates tler two, and 2) +the deep geologlc structure
sections publlished on +the area are reasonably .accurafe.
Using these assumptions, probable flow directlions of the
subtiers were developed and are shown diagrammaticaliy In
Flgures |1V=-20 and 1IV=-21. The degree of certainty of the
suggested fiow directions and recharge areas varles
substantially. A higher degree of certainty may be assligned

in southern portion of the allochthon than in +the northern
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Postulated ground water flow directions in tier
two. Flow directions of tier two aquifers which
discharge in the interior of the Meade thrust
allochthon are not shown. See text for descrip-
tion of sublobes. Structure section X - X' is
shown on Figure 33. Dotted line shows approximate
sublobe boundaries. :
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portlion. In the southern portion, folding Is the subsurface
structure, whereas faulting |Is more pronounced 1In the
northern portion. Potential recharge areas are restricted
to outcrops of the upper Paleozolc formations or areas where
soll, alluvium, etc., cover these formations.

The western lobe has been divided into +three sublobes,
the southern, Henry, and northern; the eastern |lobe has been
divided Iinto the northern  and southern sublobes.

Characteristlics of the sublobes are descrlibed below:

Spring.
Lobe  Sublobe 1D #  Characteristics
West Southern 3-9 Dlscharge from the Aspen Range
frontal fault system; large

storage capaclty aquifers having
Individual discharges up to 625

I/sec; discharge temperatures
range from 9° to 17°C; extenslve
travertine deposits; common

discharge head of 1905 m;
radlocarbon age about 15,000
years; probable recharge 1In the
Interior valleys and valleys In

eastern Aspen Range; total
estimated dlscharge about 1100
I/sec.
Henry 10-15 Discharge related to Henry, fauit;
' storage capacity unknown;

discharge volumes up to 88 |/sec;
discharge temperatures range from
15° to 26°C; massive common
travertine area; common discharge
head of 1905 m; radiocarbon age
about 20,000 years; recharge area
unknown; total estimated discharge
about 225 1/sec. '

Northern 2,16, Isolated aquifefs discharging

17 unconnected extenslion faults;
discharge volumes up to 246 |/sec;
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storage capacitles vary;
dlischarge temperatures 19° to
20°C; some with extensive
travertine deposits; others

without travertine; radlocarbon
age dated at about 1,800 and

13,000 years; recharge areas
unknown; total estimated discharge
425 |/sec.

East Southern 18,19, Discharge long splays of Meade
20 thrust; discharge volumes up to

448 |/sec; dlischarge temperatures

7° to 8°C; bomb carbon Identifed

In radiocarbon analysis - oldest

ground water age estimated at 300

to 450 years; no recent travertine

and only minor older tfravertine;

probable recharge areas In
southern Aspen Range and southern
Dry Ridge; total estimated

discharge 900 |/sec.

- Northern 20,23, Discharge along splays of Meade
25,26, thrust and thrust fault bound

29 sllces of strata; discharge

: volumes up to 246 1/sec;

discharge temperature up to 12°C;

oldest radlocarbon age 450 years

- bomb c¢arbon identified In most’

analyses; recharge area I'n
Webster Range; total estl-mated

dlscharge 900 to 1200 1/sec.
Tler three has been identifled largely by Interference.
Diagnostic thermochemical characteristics of water
clrculating deeply In the lower plate have not been detected
In any tler one or tler two waters. Because the
allochthonous formations and adjacent formations are
repeated 1In the lower plate, It Is reasonable to expect the
lower plate strata to contain ground water flow sytems. OIl

and gas exploration boreholes have encountered ground waters
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with “temperatures above 100°C below the Meade +thrust. These

temperatures confirm the existence of flow systems in the
lower pléfe strata, but provide little Information
concerning their flow directlons or other characteristics.
I+ 1Is Ilkely that ground water movement and recharge and

discharge volumes In this tler are very small.
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CHAPTER V
HYDROGEOLOGIC RECONNAISSANCE OF THE SOUTHERN SUBAREA

Introduction

This portlon of the study Is a hydrogeological
reconnalssance of the reglon bordered roughly by the
Blackfoot River on the north, Cache Valley on the west and
the ldaho state line on the south and east (Fligures I|-1 and
v-1. The study area encompasses approximately 4,700 square
kilometers In parts of Bear Lake, Carlbou, and Franklin
counties, ldaho.

The southern subarea |Is characterized by north and
northwest trending mountain ranges and valleys. The
princliple mountaln ranges in the study area are the Bear
River Range trending north-south from Soda Springs into
Utah, and the Chesterfield Range trending northwest from
Soda Springs to the Blackfoot River. The Portneuf Range
jolns the Bear Rliver Range In a hilly reglon on the western
side of the study area.

Elevation generally increases from the southwest to the
east and northeast. The lowest elevation Is ébouf 1,395 m
near Franklin In the southwest corner, and the hlghest
elevation Is 2,998 m at the summit of Sherman Peak In the
northern Bear River Range. Local relliefs of 300 to 600 m are

common Iin the area.
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Geologlic Setting

Thé study area lies in a reglon of southeastern Idaho
that is transitional between the Basin and Range and Middle
Rocky Mountains Physlographic Provinces. I+ consists
primarlily of wide, deeply-filled Intermontane basins
(grabens) separating folded, block-faulted ranges (horsts).

The Bear RIver Range and Chesterfleld Range combine to
form a major north-northwest trending horst. The Parls
thrust, trending north-south on the eastern side of the Bear
River Range Is the first of the serles of great thrust faults
that comprise the overthrust belt to the east. The rocks of
the overthrust belt have intense folds, many of which are
overturned to the east and are cut by younger thrust faults
of great length and displacement. In the Bear River Range
and to the west, folding decreases in Intensity and
frequency, and normal faulting lIncreases (Keller, 1963).
The Portneuf Range Jjolns the Bear RIver Range in an
intensely faulted, hilly divide In the southwestern portion
of the study area.

Stratigraphic units recognized In southeastern |daho
span In age from Precambrianifo Recent and are describe In
.Table V-1. Precambrian metasediments outcrop in a few
isolated locations in the southwestern corner of the study
area (Figure V-2). Lower Faleozolc marine sediments are the

- most extensive rocks Iin the study area and comprise most of
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Table V-1. Stratigraphic column for Bear River Range and surrounding
areas, southeastern Idaho.

Thickness
Syster Symbal Group o~ Formatior {m) Lithology
Quaternary Qal Strear alluviur Unconsolidated, well to poorly sorted,
Otg Terrace aravei: gravel, sanc, silt, and clay
Q1s Landslioe debr1: 0-100
0¢ Alluvai’ far gernzits
Gc Colluvium
Qdm Diamictite
Qtr Travertine
Gentile Valley Grous
Qb Gem Vallev basalt 0-1000(?) Dark gray, vesicular, porphyritic,
massive olivine basalt
Qbe Basalt cinders Loose scoriaceous red-weathering
cinders
Qme Mzin Canvor formz-ion 0-20 Poorly consolidated silt and marl,
grades into sand and gravel
Lake Bonneviile Group
G Provo formazis- 0-30 " Unconsolidated gravel and sanc
deposited along shoreline of Laic
Bonneville in the Provc stage
Qpb Pink silt ? Unconsolidated, thinly bedded silt
an¢ clay in deeper parts of Lake
Bonneville
Qbe Bonneviile and Alzine 0-30 Poorly consolidated gravel anc sanc
formztions, undiffer- deposited atong shoreline :f izus
entiatec Bonneviile in the Alpine and
Bonneville stages
Gtr Rnyvolite cdomes ? Tan-weathering. partly devitrified
glass, Quaternary anc Tertiary
Tertiary Salt taxe forrzsior 0-3000(?) Conglomerate, volcanic ask, mer!, cal-
careous clay, and sandstone
Wasatch formation 0-450 Red conglomerate and sandstone inter-
bedded with tan limestone
Upper Js Stump formation 50-100 Gray-green silty limestone, calcareous
Jurassic siltstone and sandstone
Jp Pruess formatior 0-200 Red shaley sandstone and siltstone
Jsp Stump/Pruess formations,
undifferentiatec
Middle Jtc Twin Creek formation 200-500 Dark-gray shaley limestone, oolitic
Jurassic timestone and siltstone
Lower Jn Nugget formation 100-500 Reddish-brown, well-sorted, fine-
Jurassic grained sandstone
Upper Triassic Tra Ankareh formation . 90-200 Red calcareous shale and siltstone
Lower Triassic Trt Thaynes formatzior 250-300 Upper Member., gray limestone inter-
bedded with brownish-gray siltstone;
Middle Member, brownish-gray siltstone
and silty limestone; Lower Member,
biack to aray shale ana siltstone
Trw Whadtigr Toemato 100-400 Reddish-browr siltstone and shzle
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Table V-1. Continued.
Thickness
System Symbol Group or Formation (m) Lithology
Lower Triassic Trd Dinwoody formation 100-600 Upper Member, gray limestone inter-
(cont'd) bedded with clive-brown siltstone;
Lower Member, olive-brown calcareous
siltstone interbedded with gray
1imestone
Permian Pp Phosphoria formation 70-100 Rex Chert Member, black to white chert
interbedded with black cherty mudstone;
Phosphatic Shale Member, dark-brown to
black mudstone, limestone and oolitic
phosphate rock
Pennsylvanian PPw Wells formation 300-900 Upper Member, light-gray to reddich-
brown sandstone interbedded with light
brown )imestane; Lower Member, gray
limestone and silty limestone with
interbedded sandstone
Mississippian Mm Mission Canyon 300-800 Light- to dark-gray cherty limestone
formation and dolomite
M Lodgepole formation 200-400 Dark-gray limestone and dolomite
Upper Devonian Ob Beirdneau formation 200-275 Gray and tan dolomite and sandy dolo-
mite with pink sandstone and gray
limestone in lower part
Middle Devonian Dh Hyrum formation 350-500 Light- to dark-gray, finely crystal-
tine dolomite
Dbh Beirdneau/Hyrum,
undifferentiated
Silurian St Laketown formation 300-400 Very light- to medium-gray, finely
crystalline dolomite
Upper of Fish Haven formation* 80-150 Dark-gray dolomite with interbeds of
Ordovician light-gray dolomite and dark-gray
chert
Middle Osp Swan Peak formation* 200-300 white, tan, and pink, well sorted,
Ordovician well rounded fine- to medium-grained
quartzite
Lower 0gc Garden City 350-400 Medium-gray, medium crystalline dolo-
Ordovician formation* mite and dark-gray chert with dark-
gray limestone in lower part
Upper 6sC Saint Charles 300-550 Medium-gray medium crystalline lime-
Cambrian formation* stone with interbeds of chert and
conglomerate
Middle 6n Nounan formation* 200-300 Gray and blue-gray domomite and dark-
Cambrian gray silty limestone and sandstone
6bo Bloomington formation* 250-300 Green shaley micaceous mudstone with
interbeds of brown siltstone, sand-
stone and limestone
6bl Blacksmith formation* 270-400 Medium-gray to buff, finely to coarsely
crystalline limestone
6u Ute formation* 100-200 Medium-gray limestone with interbeds of
shale and silt
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i Table V-1. Continued.
Thickness
System Symbo! Group or Formation {m) Lithology
‘ - Middle € Langstor: formatior* 100-120 Light-gray coarsely-crystalline dolo-
; Cambrian mite with interbeds of dark-gray
} : limestone
eul Ute/iangston formztions,
5 - undrfferentiatec
‘ Lower 66 Brigna= formation* 3000+ White, buff, purple, and pink, poorly
L Cambrian sorted quartzite with interbeds of
‘ conglomerate and phylite
Pre-Cambrian peql Quartzite anc limestone ? Mainly gray. pink, and green, poorly
,j and sorted quartzite, and thin, dark-gray
: pégq limestone units
pémd Metadiabase ? Medium- to coarsely-crystalline
diabase with alabitized plagicclase
* and actinolite in chloritic matrix
3
‘ pémg Metagravwacke and shale ? Very poorly sorted detrita) rock with
and clasts of quartz and feldspar in
pEs chloritic matrix

Albee, 1966;

* Principle Pre-Tertiary formation in study area

(Arrigc, 1982; Cressman and Gulbrandsen, 195%5; Hubbell, 1982; Jobin and Schroeder, 19642; Mansfield, 1827,

~ 8 Oriel, 1968; Oriel and Lucian, 1980; Oriel and Platt, 1968, 1980; Pampeyan and others, 1967; Staatz and




L12

o 1]
E= . .
e ¥ a-.“j;;‘.‘?:)"u on

EXPLANATION

ogc  Formation names refer to table 2

asaa Trust fault - testh on upper plate

Normal fault
L

Area of high magnetic intensity
i o from Mabey ond Oriel (1970)
',"li.l.-p(

.

i R -

. " [

T4 by
Yu B

Suspected active taults from
Witkind (1975)

Cross section
l.ocation

N s e 7/
Qﬁ‘»’»‘ Join s

NCY - ’FAV“; Hew L
'\:‘.‘f;

» el
_ )
vt i
tee o Foo, <
4 \ H
L’

AU
e

v ha
N "jt.
X

. g -
O o e

WY OMING

. |
' ' 10 15 MILES
et i : { . Geology from Mitchell and Bennatt (1979)
'F it 10 s 20 KILOMETERS

GEOLOGIC MAP OF THE STUDY AREA IN SOUTHEASTERN IDAHO

Figure V-2.




.

e e N P

the Bear River and Portneuf Ranges. These rocks probably
comprise the basement rocks of the Cache and Gem Valleys.
Upper Paleozoic and Mesozolc rocks occur 1in the northern
part and to the east of the study area. Tertiary strata
consisting of semi-consolidated to wunconsolidated
conglomerates, sandstones, and slitstones fill +the
Iintermontane basins and cover some higher areas. Quaternary
alifuvium, colluvium, Easalfs énd rhyolltes comprise a major
portlion of +the surficlial geology. Extensive fine-grained
lacustrine sediments cover the surface In the southern
portion of the Gem Valley and in Cache Valley from
Pleistocene lakes Thatcher and Bonneville, respectively
(Bright, 1960 and 1963).

The horst and graben structures of this region have
produced ranges and hasins comprised of differenf lithologles
and éfrucfures. These horsts and grabens Iinclude the: 1)
Bear River Range horst, 2) Portneuf Range horst, 3)
Chesterflield Range horst, 4) Bear River Valley graben, 5) Gem
Valley graben, and 6) Cache Valley graben, The geology of
fhese units Is described In the following paragraphs. '

The Bear River Range Is bounded on the east and west by
Bear Lake and Bear River Valleys, on the south by Cache
Valley and on the north by Gem Valley. An east-west hilly
divide north of the village of MiInk Creek Joins the Bear
River and Portneuf Ranges. The Bear Rliver Range_ts "a deeply

eroded, syncllnal, karst plateau, with wide baslins and
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occasional ridges and peaks on top" (Keller, 1963, p. 60).
The range consists mostly of Cambrian to Ordoviclian marine
sediments of the Fish Haven syncline.

The portion of the Portneuf Range within the study area
is bordered.by fhe1Cache Valley to the south and Gentile and
Mound Valleys to the northeast. North of the junction with
the Bear River Range, the Portneuf Range Is composed of
relatively simple, faulted homoclines of lower Paleozolc
rocks dipping generally to the northeast. At the range
junction, the structure is complex with a very high intensity
of normal and reverse faults. Precambrian metasediments
outcrop in several localities In this area.

Bear River Valley is a long narrow graben extending
from Bear Lake north to near the Blackfoot Reservoir. It is
bordered on the east by a high angle normal fault extending
in length at least 90 km. The characteristics of the
western border of the graben are uncertain. Keller (1963)
calls the Bear River Valley‘a hal f-graben downdropped on the
east side by the East Bear Lake fault and with the bedrock
unbroken by normal faulting on the west side. WIfklnd
(1975) shows the western border of the graben as an en
echelon series of short, high-angle normal faults.

The graben is filled predominantly with sediments of the

Tertlary Salt Lake Group. The surface of the valley from

~several kilometers south of the town of Soda Springs
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northward Into the Blackfoot Lava Field Is covered
predominantly with Quaternary basalt. An area of high
magneflc intensity about 1550 m (5,000 ft) deep near China
Hat, shown on Figure V-2, 1indicates a possible deep
intrusive body related to the basalt vents on the Blackfoot
Lava Fleld (Armstrong, 1969; Mabey and Oriel, 1970). The
surface in the southern portion of the valley Is covered
predominantly by Quaternary coifuvlal. fluvial, and
lacustrine sediments.

Gem VYalley graben is bordered on the east by the East
Gem Valley fault, a high angle normal fault extending about
50 km, and on the west by the West Gem Valley fault extending
about 40 km (Wlfkfnd, 1875). Gem Valley Is almost entirely
covered with Quaternary basalts which are thin near the edges
and thicken to about 620 m In the center. Gravity lows
south of the town of Grace suggest Iight rocks, probably
Tertiary sediments, about 2,500 m thick (Mabey and Orlel,
1970). |

The northern Cache Valley Is a complex half graben
bounded on the east by the East Cache fault (Kelier, 1963).
The western boundary of the graben Is covered by Plelstocene
Lake Bonneville alldQlum; the East Cache fault is covered in
places by Tertlary sediments. The East Cache fault separates
the Cache Valley basin from the Flsh Haven syncline of the
Bear Rliver Range. The graben Is filled with an esflmafed

3,100 m (10,000 ft) of Tertiary sediments (Stanley, 1972).
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The surface materlals are primarlily Plelstocene Lake

Bonneville deposits (Keller, 1963).

Physlcal and Chemical Characteristics
of Springs and Wells

This study Iincluded analysls of the hydrogeologic

settings and hydrochemistry of 32 spring and well sites.

Data on elght springs analyzed during a concurrent study by

Souder (1982), and 13 wells sémpled by Dlion (1969) were also
Included. Thousands of springs and wells are present In this
portion of southeastern |daho; the 53 sltes used for thls
study were selected to represent the full range of thermal
and non-thermal ground water systems In the area. The
locatlions of +the sbrlngs and wells sampled are shown on
Figure V-3. Hydrogeologic data on the sites are presented in

Table V-2. Hydrochemical data are presented in Table V-3.
Analysls of Physical Data

Introduction

Geologlc formatlons and structures assocliated with
springs and wells are examined in thls sectlion for ftrends
that may Iidentify important stratigraphic and structural
confréls on the distribution of ground water discharges.
Discharge rates are compared with water temperatures.
Variatlions In the hydrochemical characferisflcs of the

ground water discharges are explored and quantified using
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Table V-2. Continued.
Water Elevation Well Depth
Sample Teiup. (m above Depth  to Water Discharqge
Number Name and Location (“C) MSL) {m) {m) {1/5)
B-21 Unnamed Spring 8 1910 10 L
145 41E 15acdS
B-22 Burgquist Spring 6 1780 420 t
155 41E 10aadS
B-23 Sadducee Spring 6 2100 230
165 43E B8cbbS
n-o4 Unnamed Spring 9 1410 3 [
16S 40E 15ddbs
B-25 Bear Lake Hot Spring #1 40 1810 <10 £
155 44E 13ccaS
B-26 Bear Lake Hot Spring #2 39 1810 <10 E
15S 44E 13cbas
B-27  Bear Lake Hot Spring #3 33 1810 <10 |
15S 44E 12ccdS
B-28 Gentile Valley Spring #1 22 1510 140
11S 40E SaaaS
B-29 Gentile Valley Spring #2 14 1520 48
10S 40E 32abdS
B-30 Gentile Valley Spring #3 30 1520 45

1S 40E 8ddds

Site Description

Mows out of Cambrian Brigham Quartzite dipping
approximately 30° to the east. Rock is very hard
and appedrs highly fractured,

Flows out of Cambrian Nounan limestone dipping about
10-20° to the northeast.

Issues from side of canyon and out of middle to
lower section of Ordivician Garden City limestone.

Seeps out of Quatervnary alluvium next to Maple Creek.
Cement holding tank and pump house constructed over
spring for domestic water supply.

Lacated along escarpment of East Bear River Valley
fault. Mississippian Brazier limestone forms the
slope.

Located about .3 km north of spring number B-25
along the escarpment.

Located 1.3 km north of spring B-25 along the escarp-
ment. The spring seeps out of colluvium.

Flows at contact of Bear River alluvium and Ordovi-
cian Garden City limestone. Extensive travertine
deposit on opposite side of hill, apparently unrelated
to the spring.

Spring flows out of fracture in Ordovician Swan Peak
quartzite dipping 38° to the northeast at contact
with Quaternary terrace gravels.

Flows out of alluvium through clean gravel bottom,
closest Paleozoic outcrop is Cambrian Blacksmith
limestone, is about one mile to the northwest.
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Table V-2. Continued.

Water Elevation Well Depth
Sample Temp. (m above Depth to Water Discharge
Number Name and Location (°c) MSL) {m) (m) (1/s) Site Description
B8-31 Ben Meek Well 40 1380 12 1.8 ? Well drilled into Bear River alluvium about .3 km
14S 39E 36ada south of the river. Several wells in the vicinity
also contain hot water. Well is located along Mink
Creek lineament.
B-32  Orvil Rallison Well 15 1370 24 flowing ? Well drilled into alluvium of Cub River about .5 km
16S 40E 16cac southeast of the river.
5-2 Blackfoot River W. §. 28 1850 0.3 € Spring discharges out of large travertine mound on
5S 40E 14bcds side of basalt bluff southeast of spring S-3 about
12-16 m above Blackfoot River.
S-3 Unnamed Spring 18 1880 0 Water is standing ina 5m high travertine mound at
55 40E 15bacS top of Quaternary basalt bluff Just north of Black-
foot River, and is evolving €0, gas.
S-7 Mound Valley Warm Spring 34 1530 0.1 E Trickles out of large travertine mound about 30 m
12S 40E 13dcdS tall above Bear River floodplain about 150 m east
of the river.
s-8 Cleveland Hot Springs 55 1520 100 E One of many discharges through a large travertine
12S 41E 31cacs bluff overlooking Bear River. Discharges can be
seen welling up in river also.
S-9 Unnamed Wann Spring 21 1510 30 3 Flows out of extensive travertine mound further down
125 41E 31bad$ the hill from spring B8-17.
S-10 Treasureton Warm Spring 40 1510 20 E One of several springs discharging through Quaternary
12S 40E 36acdS alluviun on west side of Bear River from springs at
S-11 Maple Grove ot Spring 75 1500 2 t One of many springs issuing from Cambrian Brigham
135 41E 7aca$ quartzite. Spring is actively depositing tufa.
S-12 Unnamed Hot Spring 62 1520 <1 £ About .5 km south of spring S-11 and also flows out
135 41E 7dabs of Cambrian Brigham quartzite. Associated swall tufa
deposits.
E = estimated discharge, all others are measured discharge.
° .
® ® . ® . ® @ d




10S 42E 31daaS

Table V-2. Inventory of and hydrogeologic data from springs and wells sampled in southeastern Idaho.
Water [Elevation Well Depth
Sample Temp.  (m above Depth  to Water  Discharge
Numher Name and Location (°C) MSL ) (m) (m) (1/s) Site Description
B-1 Corral Creek Well a0 1880 ? flowing < | One of many phosphate exploration holes drilled by
6S 41E 19bbd FMC into a broad north-northwest trending anticline
of upper-Paleoznic rocks. The holes average 57 m
in depth.
R-2 Gem Valley Spring #1 13 1710 5.7 Flows out of extensive flat travertine deposit over-
8S 40F 26bdcS Quaternary basalt, approximately on tLhe East Gem
Valley fault. Ordovician Garden City limestone out-
crops in range ncar spring.
R-3 Thrmmal Gradient Well 15 1710 61 flowing 1.1 Well drilled by Phillips Petroleun as thermal grad-
’5 40E 26dbc ient hole. Locatud just south of spring B-2 aloug
same graben-forming normal fault.
)
Cj B-4 Gem Valley Spring #2 16 1720 14 Flows out of base of 3m high bluff in Quaternary
8S 40E 26dcbS basalt just south of sites B-2 and B-3. Spring is
depositing thin layer of white calcareous tufa on
the basalt.
8-5 Soda Creek Headwaters 13 1810 140 One of many springs that well up through thin
- 85 41E 26dabS veneer of alluvium overlying basalt of Blackfoot
Lava Field.
B-6 Hooper Spring 10 1800 23 Flows out of Quaternary basalt of Blackfoot Lava
8S 41E 36dddsS Field near contact with Paleozoic sediments forming
Soda Springs Hills,
B-7 Soda Springs Geyser 29 1770 ? One of several small springs occurring along a north-
9S 41L 12adaS south trending fracture trace through a large traver-
tine mound in downtown Soda Springs.
B-8 Unnamed Spring 8 1800 0.8 Flows out of Tertiary Salt Lake formation, composed
10S 42E 12¢cbS of large rounded quartzitic boulders, near contact
with Bear River floodplain.
B-9 Cold Spring 7 1950 160 Flows out of base of hill marking the contact be-

tween shallow alluvium of Cow's Fork and Cambrian
Blacksmith limestone.




Table V-2.

Continued.

Water Elevation Well Depth

Sanple Temp. (m above Depth  to Water Discharge

Nunber Name and Location ('C) MSL) (m) (m) (1/s) Site Description

B-10 Trout Creek Spring 5 1710 200 E Flows out of Cambrian Nounan limestone. A short

11S 41E 15cdaS distance down the canyon is a large apparently old
travertine deposit.

B-1 Unnamed Spring 13 1510 440 Flows out of thin Quaternary alluviua in shallow

125 41 18acdS broad valley overlying Paleozoic rocks, either the
S Cambrian Nounan or Cambrian St. Charles limestone.
B-12 Harris Spriny 1o 1600 <10 3 Spring ewerges high on Quaternary basalt bluff where
11S 41E 8dbcS the lavas of the Gem Valley teruinate above Gentile
Valley.

B-13 Pescadero Wani Spring 23 1820 <1 £ Spring flows from top of large travertine bluff over-
N 11S 43E 36bdaS looking Bear River. Extensive travertine mound over-
Si lies lower Triassic Thaynes limestone.

B-14 Unnaimed Spring 12 1940 3 Flows out of Tertiary Salt Lake formation and 1is

12S 44E 7baaS piped about 90 m into watering trough.
B-15 Unnamed Spring 1" 1820 20 Spring occurs at the contact between the Quaternary
135 43t 8daaS alluviun and lower Triassic Thayncs limestone.
B-16 Williams Creek Spring 7 1710 420 £ Flows out of Cambrian Nounan Vimestone dipping
12S 41E 27bbaS approximately 10-15° to the northeast.
B-17 Unnamed Spring 18 1540 10 3 Flows out of large travertine mound overlying Quater-
125 41E 3labeS nary lacustrine sediments which also overlay Cambrian
Blacksmith (?) limestone.
B-18 Mink Creck Spring 6 1800 280 E Flows out of Cambrian Nounan limestone dipping 1U-20"
135 41E 24bbcS to the northeast. Highly faulted and fractured area.
B-19 Paris Creek Spring 9 2000 850 E Issues from base of very high cliff at head of Paris
14S 42E 13badS Creek. Cliff is mostly Cambrian Bloomington Vime-
stone.
B-20 Jarvis Spriny 7 1930 410 Flows out of Cambrian Blacksmith limestone in
145 43t 19bcdS Bloomington Canyon.
@ - @ @ o @ @ . @
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Table V-3. Hydrochemical data from springs and wells sampled in southeastern Idaho.

Water Specific Concentration in mg/1 (meq/1)

Sample Temp, Conductance TDS TUTT TSI S mmmmomes e e e e e e e e s e . Ervor

Nunber Name and Location °C (umho/cm)  (mg/1) pH Ca Mg Na K 4] F H(:O3 SO4 Si()2 .

B-1 Corral Creek Well 40 4900 5267 6.9 745 244 53 222 39 1.8 3016 915 31 -3.2
6S 41 19bbd (37.2)  (20.1)  (2.3)  (5.7) (1.1)  (0.09) (49.5) (19)

B-2 Gem Yalley Spring i 13 1775 1806 6.6 261 126 23 ] 13 0 1231 123 21 1.1
85 40E 26bdcS (13) (10.4) (1) (0.2) (0.4)  (0) (20.2)  (2.6)

B-3 Thermal Gradient Well 15 2400 2221 6.5 344 118 26 12 2 0 1529 147 a1z .3
85 40t 26dhc (1/7.2) (9.7) (r.1) (0. 3) (0.07) (0} (25.1) (3.1)

B-4 Gem Valley Spring #; 16 2401} 2370 6.5 K| 120 ph 12 13 0 1592 153 q] -0.4
8S 40E 26dchS (1) (9.9) (r..) (n.3) (0.4) (0) (26.1) (3.2)

B-5 Soda Creek Headwa! o 13 1450 1595 6.2 101 11 a9 16 10 0.4 1106 37 117 R
8S 41E 26d4hS (+..2) (11.6) (2.1 (0. 1) (0.3) (0.02) (1.1) (0.8)

B-6 Hooper Spring ‘ 10 1300 1406 6.3 106 1 36 11 9 0.5 1007 41 85 -4.0

N 8S 41t 36dddS {5.3) (9.1)  (1.6) (0.3) (0.3)  (0.03) (16.5) (0.9)
B B-7 Soda Springs Geyser 29 4025 4694 6.8 925 150 3 18 3 0.4 2778 mn 46 -2.2

9S 41E 12adaS (46.2) (12.4) {0.1) (0.5) (0.08) (0.02) (45.6) (16)

B-8 Unnamed Spring 8 460 451 7.7 79 13 9 2 5 0.2. 297 10 36 2.1
10S 42E 12ccbS (3.9) (1.1}  (0.4) (0.05) (0.%) (0.01) (4.9) (0.2)

B-9 Cold Spring 7 250 217 7.9 47 6 2 0 0 0 155 0 7 6.9 -
10S 42E 31daaS (2.4) {0.5) (0.09) (0) (0) (0) (2.5) (0)

B-10 Trout Creek Spring 5 325 31 7.0 63 12 4 0 9 0 223 0 0 4.8
11S 41t 15cdasS (3.1) (nm (0.2)  (0) (0.3) -(0) (3.7) (0)

8-11 Unnamed Spring 13 425 372 7.1 52 - 20 7 0 7 0 277 0 9 -2.6
125 41€ 18acdS (2.6) (1.6) {0.3) {(0) (0.2) (0) (4.5) (0)

8-12 Harris Spring 10 650 543 7.1 1t 0 9 0 17 0 361 18 27 -6.6
11S 41E BdbcS (5.5) (0) (0.4) (0) (0.5) (0) (5.9) (0.4)

B-13 Pescadero Warm Spring 23 1475 1380 7.0 194 46 70 13 74 2.3 . 749 215 17 [
11S 43E 36bdas (9.7) (3.8) (3) (2.9) (2.1) (0.1) (12.3) (4.5) :

B-14 Unnamed Spring 12 550 64 7.0 72 21 1 0 10 0.2 317 0 33 2.8
12S 44€E 7baa$ (3.6) (1.7)  (0.5) (0) (0.3) (0.01) °(5.2) (0)

B-15 Unnamed Spring n 440 346 7.0 42 19 22 0 8 0.2 236 4 15 4.9
135 43E 8daaS (2.1) (1.6} (0.9) (0) (0.2) - {0.01) (3.9) {0.08)

B-16 Williams Creek Spring 7 325 7.2 55 17 1] 0 .3 0 250 0 0 -0.6
125 41E 27bbas (2.7) (1.4) (o) (0) (0.08) (0) (4.1) (0)

B-17 Unnamed Spring 18 175 666 7.1 94 28 37 3 30 439 26 9 0.1

0.3
12S 41E 3abcS (4.7) (2.3)  (1.6) (0.07) (0.9) (0.02) (7.2) (0.5)
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Table V-3. Continued.

Water = Specific Concentration in mg/) (meq/1)
Sample Tewp. Conductance  TDS :

Nunber Name and Locatiun “C (uho/cim) {mg/1) pH Ca My Na K (4] F HCO3 SO4 SiO2
B-18 Mink Creek Spring 6 245 205 7.4 46 5 3 1 2 (VN 148 0 0
135 41E 24bbES (2.3) (0.4) (0. 1) (0.03) (0.05) (0) (2.4) (0)

B-19 Paris Creek Spring 9 325 256 6.9 58 ) 2 0 1 0 190 0 [V}
14S 42E 13bad$ (2.9) (0.4) (u.1) (v) (0.03) (0) (3.1) (0)

B-20 Jarvis Spring 7 350 2848 7.0 48 17 0 0 6 0 213 0 0
145 43E 19bcdS (2.4)  (1.4) (u) (0) (0.2) (0) (3.5) (0)

B-21 Unnamed Spring g 440 30l 7.2 17 9 2 0 4 0 259 3
145 41E 15acdS (3.8) (0.7) (u.1) (0) (0.1) (0) (4.2) (0.06)

B-22 Burgquist Spring v 300 2711 1.7 56 1 1 0 4q 0 195 4
155 41E 10aad$ (2.8) (0.9) (0.04) (0) (0.1) (0) (3.2) {0.08)

B-23 Sadducee Spring 6 300 251 1.2 49 12 1] 0 1 0 189 0 v
16S 43E 8cbbS (2.5) (1) (0) (0) (0.03) (0) (3.1) (0)

8-24 Unnamed Spring 9 310 221 7.3 40 8 0 0 3 0 159 2 9
16S 40E 15ddbS (2) (0.7) (0) (0) (0.1)" (0) (2.6) (0.04)

B-25 Bear Lake Hot Spring #1 40 2250 1625 7.0 230 41 155 438 72 4.2 263 769 43
155 44E 13ccaS (11.5) (3.4) (6.7) (1.2) (2) (0.2) (4.3) (16)

B-26 Bear Lake Hot Spring #2 39 1975 1634 7.2 227 41 151 44 75 4.2 255 791 46
155 44E 13cbasS (11.3) (3.4) (6.5) (1.1) (2.1) (0.2) (4.2) (16.5)

B-27 Bear Lake Hot Spring #3 33 1900 1621 7.y 221 31 163 43 74 4 271 758 40
155 44E 12ccaS (11.3) (3.4) (7.1) (1.1 (2.1) (0.2) (4.4) (15.8)

B-28 Gentile Valley Spring #l 22 1625 1698 6.1 239 4) 92 34 78 0.2 1086 104 8
11S 40E 5eaeS (¥1.9) (3.9) (4) (0.9) (2.2) (0.01) (17.8) (2.2)

B-29 Gentile Valley Spring #2 14 625 524 7.0 60 30 29 1] 33 0.1 332 23 17
10S 40E 32abdS . (3) (2.9) (1.3) (0) (0.9) (0.01) {5.4) (0.5)

B-30 Gentile Valley Spring #3 30 930 6.6 132 38 54 3 43 0.2 594 40 26
11S 40E 8dddS ) (6.06) (3.1) (2.3) (0.07) (1.2) (0.01) (9.7) (0.8)

B-31 Ben Meek Well 40 1900 1349 7.4 23 5 348 20 321 n 626 5 90
14S 39€ 36ada (1.2) (0.4) (1.1)  (0.9) (9.1) (0.6) (8.6) (0.1)

B-32 Orvil Rallison Well 15 455 374 7.6 42 18 20 7 31 0.4 199 14 43
165 40E 16cac (2.1) (1.} (0.9) (0.2) (0.9) (0.02) (3.3) (0.3)

S-2%* Blackfoot River W. S. 28 4600 4915 6.4 700 224 164 201 72 1.9 237 178 33
5S 40E 14bcas (34.9) (18.4) (7.1) (5.1) (2.0) (0.1) (38.9) {23.9)

5-3 Unnamed Spring 18 4851 6.3 688 312 149 182 64 1.3 2287 171 17
55 40E 15bacS (33.3) (25.7) (6.5) (4.7) (1.8) (0.1) (37.5). (24.4)

® ; o ® @ ® o @ -~ @
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Table V-3. Continued.

Water Specific Concentration in mg/1 (meq/i)

Sample Temp.  Conductance TDS o T e - Error

Number Name and Location °C {umho/cm) (mg/1) pH Ca Mg Na K C1 F HCO3 504 Si()2 p4

S-7 Mound Valley Warm Spring 34 3100 2441 6.1 353 52 267 51 309 0.8 1106 278 24 5.2
125 4n€ 13dcdS (17.6) (4.3) (1.6) (1.3) (8.7) (n) (18.1) (5.8)

S-8 Cleveland Hot Springs 5% 3600 2504 6.2 259 41 444 90 574 1.7 Hoh 517 62 2.0
125 41E 3lcacS (12.9) (3.4) (12.3) (2.3) (16.2) (0.1) (9.3) (10.8)

S-9 Unnaned Warm Spring 21 /50 619 6.7 82 25 32 0 27 0.3 410 23 15 -1.9
175 41E 31badS (4.1) (z.1) (1.4) (0) (0.R) (0) (6.7) (0.5)

S-10 Treasureton Warm Spring 40 4n4() 79 6.4 336 48 542 10 629 2 726 735 54 2.3
125 40F 36acdS (16.8) (3.9} (”3.6) (2.R) (17.7) (0.1) (11.9) (15.3)

S-1 Maple Grove Hot Spring 75 3000 2177 6.3 132 24 550 71 586 0.3 466 282 66 3.1
135 41E JacaS (4.4) (1.8) (23.9) (1.8) (16.5) () (7.6) {5.9)

S-1¢ Unnamed Hot Spring 62 3150 2iul 5.9 82 22 499 77 585 1 454 323 64 -1.8
13S 41E 7dabS (4.1) (1.8) (21.7) (2) (16.5) (0.1) (7.4) (6.7)

x D-1** A, M. Thompson Well * 51 350 7.7 74 30 5 1 3.3 0 310 48 12 1.9
Ve 11S 44E 7ccb (3.7) (2.5) (0.2) (0.03) (0.09) (0) (5.1) 1)

D-2 Rebecca Buhler Well * 539 351 7.8 61 27 16 4.6 17 0.1 292 30 40 3.
125 43E 25daa (3) (2.2} (0.7) (0.1) (0.5) (0.01) (4.8) (0.6)

D-3 Dave Gerber Well * 652 426 7.8 91 30 10 1 6.7 0.1 336 74 12 1.6
125 44E 33dcc (4.5) (2.5) {0.4) (0.03) (0.2) (0.01) (5.5) (1.5)

D-4 Dean Roberts Well * 576 351 7.7 66 20 30 1 27 0.2 340 0 23 -0.5
135 43E l6dcc (3.3) (1.7) {1.3) (0.03) (0.R) (0.01) (5.6) (0)

0-5 Karel Thomas Well * 556 336 7.9 67 26 17 1.9 12 0.1 356 12 19 -1.3
14S 43E 35bba ) (3.3) (2.2) (0.7) (0.05) (0.3) (0.01) (5.8) (0.3)

D-6 Oscar Arnell Well * 765 a5 7.7 83 34 39 2.1 40 0.1 352 74 15 1.4
145 44E 12ccc . (4.1) (2.8) (1.7)  (0.05) (1.1} (0.01) (5.8) (1.5)

b-7 A} Butterfield Well * 78 2?2 1.3 75 50 8.2 3 8.1 0.3 464 23 29 0
85 42E 7bda (3.7) (4.2) (0.4) (0.08) (0.3) (0.02) (7.6) (0.5)

0-8 Monsanto Chem Well . 1000 684 7.6 88 60 48 6.9 59 1.5 392 147 44 1.6
85 42E 3ladb (4.4) (4.9) (2.1) (0.2) (1.7)  (0.08) (6.4) (3.1)

D-9 Dewey Mansfield Well * 760 454 7.8 59 48 34 4.9 3R 0.5 360 51 23 2.7
10S 40E 14bba (2.9) (3.9) (1.5) (0.1) (1.1) (0.03) (5.9) (1.1)

D-10 Alvin Kingsford Well * 852 520 7.8 62 57 39 5.2 42 0.5 412 70 27 0.9
10S 40t 36dcc . (3.1) (4.7) (1.7) (o.1) (1.2} (0.03) (6.8) (1.9)

b-11 Clark Mickelson Well * 1430 998 7.8 128 78 3.6 98 520 228 28 2.2

89 0.3
11S 41€ 30hdd (6.4) (6.4) (3.9) (0.1) (2.8) (0.02) (8.5) (4.7)




Table V-3.

Continued.

Water Specific Concentration in mg/1 (meq/1)
Sample Temp.  Conductance TS — Error
Nuuber Nane and Location °C (yanho/am) (mg/1) pH Ca My Na K Cl F HC03 SO4 SiCI2 b1
D-12 Mack Hymas Well * 625 368 7.6 69 30 21 1.9 30 0.4 326 22_ 21 1.4
135 40t 30acb (3.4) (2.7) (0.9) {0.05) (0.9) (0.02) (5.4) (0.5)
D-13 8yron Tanner Well * 866 550 7.9 89 35 58 5.6 3u 0.5 49 40 45 0.7
145 39€ 25ada (4.4) (2.9) (2.5) (0.1)  (0.9) (0.03) (B8.1)  (0.8)
* not reported
** Nunbers D-1 through D-13 are modified frow Dion (1969).
*** Numbers $-2 through S$-12 are frowm Souder {1983)
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mulflvarfafe data analysis methods. The spring and well
discharges are statistically grouped by simllarities In
their hydrochemical characterlstics. Spatial distributions
of the groups are then compared wlth the reglonal geologic

framework.

Associated Geologic Features

The springs and wells sampled In the study area
discharge from eleven gecliogic formations ranging from tThe
Precambrian/Cambrlan Brigham quartzlite to Recent alluvium. A
summary of the geologic formations associated wlith springs
and wells, and the frequency of discharges within the study
area Is presented In Table V-4. Springs and wells which are
In ciose proximity to major normal faults are also Indicated
In the table.

The most prominent structural features in the study area
are the normal faults which have created the horst/graben
structures that comprise the ranges and valleys. Most of
these faults show surficial evidence of recenf.movemenf
(Wi?kihd, 1674) and may be considered active based upon the
high frequency of earthquakes centered within and near the
study area (Smith and Shar, 1974). The seismic evidence
suggests that these faults extend to great depths (3 to 16
km) and may act as condults for +the deep clréulaflon of

ground water.




Table V-4. fGeologic formation associated with springs and wells in the
vicinity of the Bear River Range, southeastern Idaho.

—

Age ~ Formation Spring or Well
Quaternary Alluvium o-1, b-2, D-3, D-4, D-5, D-6,
D-13, B-15, B-17*, B-30*, B-31*,
B-32, S-7(?)*, S-8*, S- 9* S- 10*
Quaternary and Basalt 0-7, D-8, D-9, D-10, B-1*, B-2*,
Tertirary B-3*, B-4*, B-5*%, B-6*, B-7*,
B-12, S-2, S-3
. Tertiary Salt Lake D-8, B-24
Triassic Thaynes B-13, B-15(?)
Mississippian Brazier B-25*, B-26*, B-27*
Ordovician Garden City B-23, B-28*, B-29
Cambrian ‘St. Charles B-11
Cambrian. Nounan 8-10, B-16, B-18, B-22
Cambrian. Bloomington B-19
Cambrian Blacksmith 8-9, B-20
Cambrian/ Brigham B-21, S-11*, S-12*

Pre-Cambrian

* Indicates close proximity of spring or well to major fault.




P

——
b .

T

N

|

The springs and wells In close proximity to major faults
are indicated In Table V-4, Twenty of the fifty one springs
and wells examined .are located near faults and discharge
through ailuvium, basalt, the Misslssippian Brazier |limestone
and the Cambrian Brigham duarlefe. Sixteen of the twenty
fault-assoclated springs and wells have surface temperatures
greater than or equel to 15.5°C. The assoclation of the
t+hermal springs and wells with these faults tends to orient
them along the edgeg of the valleys. The thermal springs
which extend from Gentlle Valiley (B-28) to Mound Valley (S-8
and S-10) are &a!l aligned toward the western edge of the
valleys along the West Gem Valley fault. Maple Grove Hot
Springs (S=11 and S-iZ: in Onleda Narrows occurs [n the
Intensely faulted area that forms the junction of the Bear
River and Portneuf Ranges at ftThe southern end of the same
graben structure.

Minerallzed warm springs and wells located In the
northern Gem Valley and Blackfoot Lava Fileld occur along the
east and west sides of The Soda Springs HIlls. The well
(B-3) and two springs (B-1 and B-2) on the west side of the
range are aligned along 2 three-meter break In the basalt,
probably an expression of the East Gem Valley fault. The
springs on the eas? sice of the Soda Springs Hills linclude
+the warm spring at Soda Springs geyser (B-7), Hooper Spring

(B-6) and the headwaters of Soda Spring (B-5). These springs
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are all in cjose Proximlity +o the northern exfenélon of +the
West Bear Lake fault. The three SPrings sampled at the Bear
Lake Hot Springs resort (B-25, B-26, B-27) aj| align along
the East Bear Lake fault.

Thrust+ faulflng.and assocliated folding of the
pre-Tertlary rocks of the mountajn ranges are also prominent

sfrﬁcfural features. The Paris thrust fault which extends

River Range appears to have little, ¢ any, direct control
over ground water flow Systems, Large folds In the Paleozolc
rocks caused by +the Paris thrust faul+, however, affect
ground water fjoy patterns fhrough these rocks. The axis of
the broad, northward plunging Fish Haven Syncline foljows
roughly along the center of +he Bear River Range, The many
large springs, such as Trout Creek spring (B=10), Paris Creek
Spring (B-17) and Burgqulst Spring (B-22) +that discharge on
both sides of the Bear River Range, reflect the controls of
the syncline On ground water flow patterns in the range. The
fold has Caused the higher hydraulic conductivity formations
Such as +he Nounan L]mesfone and the Blacksmil+h Limestone
Which overiay +the dense ang lower hydraulic conducflvlfy
Brigham quartzite +o outcrop on both +the €ast and west sides
of +the range. The Springs +hat do occur |n the Brigham
quartzite are much smaller jp dlscharge than the springs in
the overlylng Carbonate rocks, These sfraf!graphic,

structural and discharge relaflonsh!ps indicate that probably
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most of the ground water 1In the Bear Rlver Range Is
dlscharged to the surface above the Brigham quartzite, and
ITttle ground water flows through the Brigham Into lower flow

systems.

Dlscharge of Springs

The total discharge of springs and wells sampled during
this study Is Inversely proportional to temperature. The
springs and wells with temperatures less than 15.5°C have a
total discharge of about 3670 I/s. The largest of these Is
Paris Creek Spring with a discharge of approximately 850 |/s.
The springs and wells with temperatures between 15.5°C and
39°C have a total discharge of about 250 1I/s. The springs
and wells with temperatures greater than 39°C have a total
discharge of approximafgly 20 1I/s. The contrast between
thermal and non-thermal dlischarges are even greater than
expressed here because only a small percentage of the springs
with temperatures below 15.5°C were visited; most of the

thermal springs in the area were samplied.
Analysis of Chemlical Data

Introduction

The chemical composition of ground water dlschargling
from a spring or well Is the product of dynamlic
hydrogeochemical reactions. The environment In which these

reactions occur Is controlled by the chemical and physical
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propertlies of the récks through which the ground water flows,
the rate of ground water flow, and the temperatures and
pressures encountered along the flow path. Knowledge of the
hydrogeologic environment of the discharging ground water can
thus be obtalned from its chemical composition. A comparison
of the hydrochemistry with the local and regional geologlc
structure can provide a description of the probable ground
water flow system,

Treatment of the chemlcal characteristics of ground
water samples as random varlables and treatment of the ground
water discharges as random samples of different hydrogeoiogic
systems are conduclv9 to a multivariate analysls of the
hydrochemical data to quantify differences between the flow
systems. A suite of multivalate data analyses was applied to
the hydrochemical data I|listed In Table V-3 in order to: 1)
ldentify the most Important varlables In determining the
hydrochemistry, 2) group sprlng and well sites based on these
hydrochemical differences and finally 3) correlate the groups
to regional lithologic types and/or geologic structures.

First, the variables were subjJected to a logarithmic
transformatlion and then standardized. This procedure assures
that large values wlll not dominate the statistical analyses
and that assumptions of normallty are satisfied. Detalls of
the procedure for standardization of data are presented by

. Baglio (1983). Second, factor analyslis and cluster analysls
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of the data were applled to identify Important varliables by
which to group the samples. Finally, a multlple discrimlinant
analysis was applled to test the statistical significance of

the defined groups.

Multlivarlate Methods

Four multivariate data analysis methods were appllied to
the hydrochemicel date. Factor analysis and cluster analyslis
are exploratory methods used to examine the relative
Importance of the hydrochemical properties ln determining the
varlations among +the samples. Multivarlate analysis of

variance (MANOVA) and rultliple discriminant analyses are

confirmatory methods usec to make cstatistical tests of the

sample variations.

Factor Ahii¥§i§. The general purpose of factor analysis
ls to condense the infcrmation contained in a number of
original variables (in this case 12) Into a smaller set of
composite dimensions (factors) with a minimum loss of

Information. A discussion of the mathematical theory of

factor analyslis can be found In Girl (1977), and discusslions

on appllications car be found In Comrey (1973) and Halr and
others (1979),

Factor analysis begins with the calculation of a
correlation matrix. The correlation matrix Is an array of
correlatlion coefficients Ltetween all pairs of constituents.

The squared correlation coefflclent Is a measure or a
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proportion of the variance of one varlable that can be
explained by another variable. Correlation coeffliclents
range In value from -1 to 1. The correlation coefflclents
are arranged In the matrix so that the entry In row | and
column j Is the computed correlation coefficlent rij for the
Ith and jth varlabies. The correlation matrix Is a measure
of simple relationships of each varlable with all +the other
varijables. |

The correlation coefficlent matrix for the twelve
varlables temperature, TDS, pH, calcium, magnesium, sodium,
potasslium, chlorlide, fluoride, blcarbonate, sulfate and
silica Is presented In Table V-5. Many of the variables 1In

the matrix are highly correlated. These correlations

indlcate that the dominant cation/anion comblinatlons are

highly, positively related. Sodium and chiorlde, for
example, have a correlation coefficient of .91. Also,
calclum, magnesium and bicarbonate are all highly, positively
correlated. TDS is highly <correlated with calcium and

bicarbonate, probably because the hlghest TDS concentrations
occur In samples dominated by calcium and bicarbonate In the
Soda Springs area. Temperature |Is highly correlated with
sodlum, potasslum and chloride, and Is poorly correlated with

calcium, magnesium and bicarbonate. These relationships may

be Influenced by solubllities of these lons. The
solubllities of sodium and chloride Increase with temperature
238
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Table V-5. Correlation coefficienf matrix for the hydrochemical parameters: temperature,
total dissolved solids (TDS), pH, calcium, magnesium, sodium, potassium, chloride,
fluoride, bicarbonate, sulfate, and silica.

Temp - TDS pH Ca Mg Na = K (| F HCO3 SO4 S1’02
Temp 1.00 .78 -.54 .54 .43 .88 .82 .86 .50 .47 .80 .72
TDS 1.00 -.70 .88 .79 J7 .92 i64 34 .88 .93 J1
pH 1.00 -.57 -.60 -.62 -.62 -.54 | .08 -.66 -.59 -.45
Ca 1.00 79 .49 .76 .36 .04 .84 .86 .46
Mg 1.00 .46 .67 .28 .01 .82 71 .46
Na 1.00 .82 .91 .51 .48 .78 .76
K 1.00 .74 .44 .69 .90 .65
C1 1.00 .50 .33 .68 .61
F 1.00 .08 .29 .39
HCO3 1.00 71 .54
504_ 1.00 .69
$i0, 1.00




whereas calclum,rmagnesium and sodlum decrease with
*emperafpre.

The next step of factor analysls Is to determine the
factor constructs needed to account for the pattern of
varlances observed In the correlatlion matrix. These factors
are linear comblnations of the original varlables. »Defalls
of thls step of factor analysis are presented by Baglio
(1983). The factor loadings Indicate that there are
essentially two sets of varliables In the data set: one
characterized by TDS, calclum, magnesium, bicarbonate and
sulfate and the other characterized by sodium, chloride,
fluoride and temperature. The total contribution of the two
factors (n deflining the vafiance in the data Is equal to 79.8
percent, The factors reéresenf the two end members of
hydrochemical types present within the study area. These
are: 1) calcium pius magnesium and bicarbonate and 2) sodium
and chlorlide.

Cluster Analysis. Cluster analysls 1Is an exploratory
multivariate data anal. .is technlique used for grouping a
number of Individuals or samples by several varlables with
which they are measured. An agglomerative (hierarchical),
polythetic (several variable) clustering technique was used
for thls analyslis. |

This cluster analysis was performed with the CLUSTER

. procedure available from SAS (Goodnight and others, 1979).
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The variables used In the analysis to defline the groups were
Temp;rafu}e, sodium, chloride, calcium, magnesium and
blcarbonate. These six varlables, as defined by the factor
analysls, are the more significant In determining the
hydrochemical types of ground water found throughout the
study area. A dendrogram of *the resultant clusters |Is
presented in Figure v-4.

The determination of the correct number of clusters
within the data &s suggested by Everett (1974) s
accomplished by an examinatlon of the dendrogram for large
changes In the cluster dlameter (or maximum distance within a
cluster) between successive fusions. The largest change in
t+he maximum cluster diameter is between the formation of 3
clusters and 2 clusters.

These three groups as labeled In Figure V-4 represent
different hydrocherical fypes determined by the six
varlables. Group ! represents ground waters that are
relatively warm, high In dissolved sollds and dominated by
calclum, calclium plus magnesium, oOF magnesium plus
bicarbonate. Group 2 represents ground waters that are
relatively coid, low in dissolved sollids and dominated by
calclium, calclum plus magneslium, or magnesium bicarbonate.
Group 3 represents ground waters +hat are relatively warm or
hot, moderate fo high in dissolved solids and with higher
sodium and chloride concentrations although not necessarlly

dominated by these lons.
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Multiple Dlscriminant Analysls. Multiple discriminant
analyslis Is a conflrmatory multivariate data analyslis
technique that tests whether two or more groups are lindeed
different, The analysis Is based on the linear dliscriminant
function (LbF). The analysls Involves the derlivation of a
linear combination of the varlables that will discriminate
best between a priori defined groups.

The discriminant analysis was performed by the DISCRIM
procedure of SAS (Goodnight and others, 1979). The six
variables (temperature, calclum, magnesium, blicarbonate,
sodium and blcarbonate), determined by the factor analysis
as Important In controlling varlatlon among the samples and
also used In the cluster analysis, are used for *tThis
analyslis. Eight samples (B-2, B-6, B-12, B-13, B-17, B-25,
B-27 and S-9) were included as ungrouped samples. A
discriminant function was derived from the 32 samples in
three a prlori defined groups (l.e. grouped by the
clustering procedure). The functlion was then wused *to
classify the ungrouped samples Into one‘of the three groups
(Table V-6). Of the a priorl defined groups, 7 samples were
In group 1, 16 sampies were In group 2. and 9 samples were in
group 3. The elght ungrouped samples fell Into the same
groups In which they were classifled by the clustering

procedure.
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Table V-6. Comparison of geologic formations and structures with
statistically derived hydrochemical groups.

Discharge
Sample Temperature Associated Geologic .
Number (:C) Associated Geologic Formation Structure ;‘
: : 1
’ B-1 40 Quaternary basalt (thin)
' B-2 13 Quaternary basalt (thin?) East Gem VYalley fault
| __l B-3 15 Juaternary basalt {thin?) East Gem Valley fault
| a | 8-4 16 quaternary basalt {thin?) East Gem Valley fault
© 3. 8-5 13 Quaternary basalt {thin?) West Bear Lake fault .
1 5| B-6 10 Quaternary basalt (thin?) West Bear Lake fault ‘
, ; 8-7 29 Quaternary basalt (thin?) West Bear Lake fault e
; i S-2 18 Juaternary basalt -
; ’ S-3 28 Quaternary basalt
' © 3-8 8 Tertiary Salt Lake
: - B-9 7 Cambrian 3lacksmith limestone .
: . B-10 5 Cambrian Nounan limestone . ‘
; S 8-1n 13 Cambrian St. Charles limestone
: . B-14 12 Juaternary alluvium (thin?)
, ; Triassic Thaynes )imestane
8-15 11 Juaternary alluvium (thin?)
: i B-16 7 Canbrian Nounan 1limestone Ees
| : 8-}7 18 Zuaternary alluvium (thin?) West Gem Valley fault (?)
: 8-13

6 Cambrian Mounan limestone ' . ,

9 Cambrian Bloomington limestane b
7 Cambrian 3lacksmith limestone
8 Cambrian Brigham auartzite
6
6
9

Group 2

Cambrian Nounan limestone
Ordovician Garden City limestone
Tertiary Salt Lake formation

Range and Bear River
Range

‘ - IE) Ordovician Swan Peak quartzite

: - 15 Quaternary alluvium (thin?)

: - - 21 Quaternary alluvium (thin?) dest Gem Valley fault (?) .
! )

D

: : B~ i0 Quaternary basalt

. ' 3- 23 Triassic Traynes limestone

. | B- 40 Mississippian Brazier 1imestone East Bear Lake fault

‘ '+ B~ 39 Mississippian Brazier limestone tEast Bear Lake fault

§ - 33 Mississippian Brazier limestone East Bear Lake fault

! ! - 22 Ordovician Garden City limestone West Gem Valley fault
i 30 Quaternary alluvium (thin?) Adest Gem Valley fault
g 10 Cuatarnary alluvium (thin?) Mink Creek fault (?)
Co2 34 Juatarnary alluvium (thin?) - West Gem VYalley fault
@ 55 Juaternary alluvium (thin?) #ast Gem VYallay fault
, 30 Zuaternary alluvium (thin?) West Gem Valley fault
i 75 Cambrian B8righam guartzite Highly faulted area at
! 62 Cambrian 3righam quartzite Junction of Portneuf

i
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Two of +the wungrouped samples‘(B-17 and S-9) had
posterlor probablilities of membership In group 1 of only .61
and .52, repsectively. These samples had posterior
probabilities of membership In group 3 of .39 and .48,
respectively. The physical and chemlcalﬁcharac#erisflcs of
these springs sugges* that they may be the result of mixing
of the thermal waters in group 3 and the nonfhérmal waters of

group 1.

Rilscussion of Results

Quantitative statistical analysls of tThe hydrochemical
data uslng the variebles of temperature, calclum, magnesium,
blcarbonate, sodlium and chloride has.resulfed in the
establishment of three groups of gfound water discharges with
differing chemica! charac%er. Two of these three groups
represent thermal c¢round water systems and the other, the
lafges* group, represents the non-thermal ground water
systems of the area (Table V-7).

The areal distribution of the three groups Is presented
In Figure V-5. The major lon concentrations are Illustrated
for each site utilizing Stiff dlagrams. The patterns

graphlcally represent the majJor lons In mllllequivalents per

|iter on three parallel axes.




Table V-7. Summary of physical and chemical characteristics of springs
and wells in southeastern Idaho
: Group 3
Group 1 Group 2 (
- Bear Lake and
(Nonthermal) (Soda Springs) (Gem Valley) Cache Valleys)
_ Number of .
Samples 19 3 7 5
Mean _
Surfaceo 10 20 : 45 35
Temp. (°C)
Elevation 1370 - 1710 - 1500 - 1380 -
Range (m) 2000 1880 1530 1820
Approximate
Comb1ined -
Discharge 3500 190 300 30
Rate (1/s)
Mean TDS 370 3230 2160 1520
(mg/1) »
. - +2 - +2 .2
?redom1nant Ca+2+ HCO3 cats HCO3 Ca+ + HC93 Ca+ + SOE
ons Na~ + Cl Na* + CI
Predominant Stratigraphic
Discharge and Structural Structural Structural
Control Structural
Remarks Active Inactive
Travertine Travertine
Deposition Deposits
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Ground ﬂiiﬁﬁ Flow Patterns

The patterns of ground water flow are described In this
section for the three major groups of dlscharges dellneated
by analsysls of chemicai data. These groups are: 1) the
non-thermal systems throughout +the reglon, 2) the Soda
Springs group, and 3) the Gem Valley group. Isolated thermal
discharges wlithin the stucdy area In Bear Rliver Valley and

Cache Valley are ciscussed separately.

Nop-Thermal Systenms

The occurrence, dfsfrlbufion, and potential for
development of regional shallow, non-thermal ground water
systems withln the major baslins of the area have been
discussed In deta!l by previous lnvesflgafors. These shallow
systems occur primarily in basalt and élluvlum, and have been
extensively developed as water supplies throughout the
region. Ground water In the mountalnous areas has not been
examined In detall because of ample water supplles In the
valleys. Most of the nor-thermal springs sampled during this
study are located along the flanks_and foothlils of +the
ranges.

Ground water flow paths in the carbonate rocks of the
Bear River Range are probably localized by.solufronal
modlflcatlon 1into well Integrated systems of condults.

Discharge occurs at the many large springs surrounding the
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range. The Brigham quartzite impedes downward movement of
ground water, and the broad synclinal structure of the range
directs the movement of ground water towards the flanks of
fhé range. The northern end of the Bear River Range Is an
eastward dipping monocline; only one large spring exists In
this area, Indicating that deeper circulation may occur.
Recharge to these systems occurs by Infiltration of
precipitation (primarily snowmeit) and by runoff drainling

into a number of sinkholes and closed basins.

Soda Springs Group

The thermal and non-thermal discharges of the Soda
Springs system probably comprise several flow systems.
Springs are located on the south, east, and west sldes of
Soda Springs Hills. The springs, however, must have similar
hydrogeologic environments at depth because of thelir simliar
hydrochemlcal characteristics and limlted areai distribution.
The unique hydrochemistries of these springs and weljs are
‘the result of high carbon dioxide concentrations In the
ground water.

Lang (1959) studled the 12c/13¢ isotopic abundance
ratios of several carbon dioxide gas sources throughout the
country, ln;ludlng Soda Springs, to determine the origins of
the gases. The 12C/13C Isotoplc ratios for the carbon in the
carbon dloxide gas.from Soda Springs was 89.9, Indicating a

~marine carbonate source for the carbon.
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The 13C values for carbon dissolved in the samples from
Corral Creek (B-1) (Mayo, 1982), Soda Springs Geyser (B-7),
Blackfoot River Warm Spring (S-2), and a spring In Gem Valley
(B~4) (Souder, 1983) were +2.2, +5.6, +2.1, and +2.2,
respectively. These values, wlth the possible exception of
the Soda Springs Geyser which may be high, are all 1in +the
range of carbon from marine cerbonate rock.

The dlfference in major fon and TDS concentrations of
the springs and wells [In +the Soda Springs/Blackfoot Lava

Fleld areas are ¢[probably +the result of differences In Co,

input to the sysiems and the succeeding rock/water
Interactlions. The chemical characteristics of the high TDS
sites (§-2, S-3, B-1, B-7) are all similar indicating similiar

hydrogeochemical envircnments at depth. The di§charges all
occur along teer feul+ts associated with the Paris thrust
fault, and ail occur where The surflcial covers (basalts and
unconsolldated sediments) are +thin. The springs and wells
also occur In assoclation with Paleozolc or Mesozoic
carbonate rocks.

The <chemicai characteristics of the Soda Springs area
discharges, nevertheless, are Indicative that both the ground
water flow patterns and hydrochemical! evolutions of these
systems are complex. Recharge to these systems most Ilikely
occurs In the Chesterfield Range and Soda Springs HIIlls.
Ground water systems probably flow through the sedimentary

strata of the ranges until Intercepted by permeable fault

250




zones, where flow is directed towards the surface. Deep flow
systems may also occur In the basin-fil| sediments under the
basalts of the Blackfoot Lava Fleld. The occurrence of such

systems, however, has not been conflirmed.

Gem Yalley Group

The discharges are confined to the west slide of Gem
Valley allgned along the West Gem Valley fault and also occur
in the narrows at the southern end of the valley near the
Junction of the Bear River and Portneuf Ranges. The springs
of this group discharge primarlily from Ordovician and
Cambrian strata. The northernmost spring (B-28) occurs Just
below the southern terminous of the Gem Vailey basalts.

Springs In the Gem Valley evolve hydrochemically from
calclum and bicarbonate water at the northern sltes (B-28,
B-30, S-7) to sodium and chloride water at the southern sites
(-8, S-10, S~-11, S-12). The sodium and chloride
concentrations Increase progressivel, southward. Surface
temperatures of the springs also Increass southward from 22°C
at spring B-28 to 75°C at Maple Grove Hot Spring (S-11).
Travertine Is assoclated with all the springs. Mound Valley
Warm Spring (S-7) has developed a travertine mound 30 m high;
although, the spring Is not presently depositing any
travertine. Springs S-8, S-10, and S-11 appear to be

actively depositling travertine.
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The graduai and progresslive lIncrease in sodlum and

o i
| Lj chloride concentretions with Increasing water temperature
| ’ from north to south along the West Gem Fault suggesfs that
® similar mechanisms are controlling the hydrochemical
{ characteristlics of these springs. The mechanlisms causing
this trend may be mixing phenomena, carbonate equlllbrla; or
® i natural hydrochemicai evclution.
5: Recharge to the spring systems allgned along the West
ti Gem Valley Fault probably occurs In the Portneuf Range. The
® Eﬁ ground water probabily flows through the lower Paleozoic
.. strata of the range until Intercepted and directed to the
é surface by the fevit. Depths of clirculation of these systems
® may 1Increase southwarc In accordance wlth the lIncreasing
temperatures of the surface dlscharges. Recharge fto the
E: thermal systems located In the faulted and fracfured area at
Py the junction of the Bear RlIver and Portneuf Ranges may occur

in elther the Bear River or Portneuf Ranges.

Isolated Thermal Dlscherges

® Thermal discharges wlithin the study area for which

insuffliclent data prevent descriptions of the systems occur

In the Bear Lake and Cache Valleys. These discharges are the

L
=

Pescadero Warm Spring (B-13) and a group of springs at Bear
Lake Hot Springs (B-25, B-26, B-27) iIn the Bear Lake Valley,

and one of several therma!l wells (B-31) In the community of

R R

Riverdale In the northern Cache Valley.
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CHAPTER VI

HYDROCHEMISTRY OF THERMAL FLOW SYSTEMS

Introduction

This portion of the study is an examination of the
hydrochemistry of the thermal waters within a broad region
Including portions of southeastern Idaho, western Wyoming
and northern Utah (Figure Vi=1). This study area Includes
the subareas described In Chapters 111, IV and V plus
additional areas on all sides. For purposes of this study,
15°C was defined as the lowest temperature described as
thermal. The purpose of thls portion of the study Is +to
provide a better understanding of the geothermal flow
systems in the thrust belt and adjacent areas through an
analysis of the hydrochemistry of the thermal waters.

The study area is roughly bounded by the margin of the
Snake River Plain on the norfhwesf, tatitude 44° 00' on tThe
north, longitude 110° 30' on the west, latitude 41° 30' on
the south, and longitude 113° 30' on the east. This
includes an area of approximately 52,000 square kllometers.
This area Is drained on the north and east by the Snake
River and 1Its +tributaries the Raft, Portneuf, Blackfoot,
Teton, and Salt rilvers. To the south, the study area Is
drained predominantly by the Bear Rliver which flows Into the

Great Salt Lake.
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The major mountain ranges are north-south trending in
the western and southern portions of the study area, and
northwest-southeast trending in the northeastern pbr#lon of
the area. These ranges Include (from west to east): the
Raft RlIver Range, the Sublette Range, the Hansel Mountalns,
the Bannock Range, the Portneuf Range, the Bear River Range,
the Wasatch Range, the Blackfoot Mountalins, the Carlbou
Range, the Snake River Range, the Salt River Range, and the
Tunp Range (Figure VI-2). The study area |les within the
Basin and Range and the Middle Rocky Mountaln physiographic
provinces and is bordered by the Snake River Plain (on the
norfhwesf) and Green River BasIn on the east. Elevation in
the valleys varles from about 1500 to 1900 m. Mountalns
fyplcally are about 2300 m high, with the maxImums beling

near 3100 m In several locatlons.
Reglional Hydrogeologic Setting

The geologic development of the study area has occurred
in at least three major stages: 1) deposi?ton of about
twenty kilometers of marine sediments 1In a mlogeosyncline
during Paleozoic time (Armstrong and Orlel, 1965), 2)
folding and thrusting of this material along a north-south
to northwest-southeast axis during Mesozoic time, and 3)
Basin and Range style bléck faulting durling Cenozolc +time

" contlinulng to the present. The eastern portion of the study
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area Is characterized by thrust and fo)d features wlfhouf
major normal faulting. These features have been described
In Chapters 1, 1V and v. The western and south-centra)
portions of +the study area are characfeqlzed by Basin and
Range style mountalns and valleys. The normal faults which

have created these block mountalns are thought to reach

great depths.

Presentation of Chemical and Physical Data

lntroduction

Thls sectlon brings together Information on the
characteristics of thermal sites within the ldaho-Wyomlng
thrust belt, and selected data from ad jacent areas. The
contributions of various agencles and participants In +this
project are acknowledged in Table Vi-1., The letter prefix
to the site number indicates the sampling agency or sub-area
within +t+he project. Sites are |isted by agency and
generally in order from north to south. Spring or well
locations are indicated In the second column according to
the system used by IDWR and +the United States Geologlical
Survey (USGS). I't Is based on +he township and range
divisions of lands in the respective states (MI%chell and
others, 1980). An s following the location number indicates

that the site Is a spring. In all other cases the slite

represented is a well.
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Table VI-1.

Prefix

25
AQ
H
M

Agency or Sampler

Karl Souder - 1981 field scason
American Quasar

Joel Hubbell

Alan Mayo

Joseph Baglio

Karl Souder - 1980

U.S. Department of Energy

Idaho Department of Water Resources

Geological Survey of Wyoming

Utah Geological and Mineral Survey

Sources of water quality data used in this report.

Sub-area or Data Type

Teton Valley and miscellancous springs

011 well data

Northern sub-area (chapter III)
Mecade Peak sub-area (chapter 1V)
Southern sub-area (chapter v)
Western sub-area

Raft River site

Other Idaho sites

Western Wyoming sites

Northern Utah sites

e — — —




Water Quallty Data

Water quality data are presented in Table Vi-2,
Constituents are expressed in milligrams per |lter and In
parentheses, In milliequivalents per Ilter. All
concentrations have been rounded to two significant fligures.
Concentrations shown as zero are below the ]evel of
detectlon. Spaces for which no value Is found Indicate +that
the énalysls was not performed or was not avallable.

Data taken from American Quasar (prefix AQ) oll wells
are from drill stem test samples or from down-hole samplers.
Drill stem test samples may not be represenfaffve of the
actual formation water. Samples taken from as close to the
tool as possible or from the sampler were taken to be most
representative of the formetion water.

The fligure shown for sillca (Si0p) in Table VI-2 Is the
value obtalined by atomic absorption spectrometry for fofél
silica. Silica actually exists as HqS10y or to a much
lesser extent, H3SIO4' at typical pH values for these waters

(Hem, 1970).

Physical Characteristlics of Thermal Dlscharge Sites

The geologlic setting and physical characteristics of
spring- and well sites are described In Table VI-3. The
geologic formation or structure from which a spring occurs
Is described wherever possible. In some cases this

Information is lacking due to mantiing by alluvium or by
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Table VI-2. Hydrochemical
Sample

Number Name and Location

-1
n-2
AQ-3
A0-4
AQ-5
AQ-6

AQ-7

AQ-8

251

252

253

254

- 26-1 Cook

5N 44F 26ba
2497'-2584" interval

26-1 Cook
SN AA4f 26ba
2962°'-2997* interval
26-1 Cook

SN A41 26ba
4210'-4230" interval

Black Mountain federal #1
35S 45€ 36cc
13,550°-13,703" interval

2-1 King
25 41L 2bc
8550' -8h60° interval

2-1 King
2S 41t 2bc
11,375'-11,519' interval

2-1 King
25 41k 2bc
12,830'-12,884"' interval

North Eden Federal 21-11
165 45E 2laa
8214'-8469' interval

22-1 Jensen
135 44€ 22cc .
10,900'-10,931"' interval

0. J. Neeley Well
7N 43E 30ccc

Walz Warm Spring
SN 43E 7acS

Stinking Spring
3N 41E 10bbbS

Taylor Warm Spring
3N 44L 7baaS

data for thermal

eany

springs and

Water Specific
Tewmp. Conduc tance
°C (vmha/cm)

A6 -~

49 --

16 --
160 --
249 --

92 --

22 450
35 690
20 180

21 310

ms
(mq/1)

3900

640

590

21000

280100

52000

50nN0

19000

29000

360

630

220

310

6.

h

Ca

61
(3.0)

76
(3.8)

58
(2.9)

130
(6.5)

430
(72)

170
(8.6)

210
(10)

Mg

wells of

22
(1.8)

19
(1.6)

—_

o)

(0.6)

16
(3.8)

43
{3.9)

0
(0

2
(0.2)

0
(0
23
(1.9

3
(2.6)

1.2
{0.6)

19
(1.86)

the study area.

Na

1200
(53)

100
(4.5)

100
(4.%)

8600
(370)

9400
(210)

19000
(810)

18000
(760)

6500
(280)

8400
(370)

19
(0.8)
.3

1

3
(0.1

(0.3)

2.0
(0.1)

¥

21
(0.5)

20
(0.5

3
(0.8)

490
(1)

470
(12)

2100
(53)

2600
(66)

130
(3.2)

93
(2.4)

2.6
(0.1)

cl

30

(0.8)

14
(0.

50
(1.

11000
(30)

6900
{19n)

27000
(770)

26000
(730)

600
(7

1100
(31)

61
(1.

26
(0.

19.
(0.

18
(0.

4)

4)

1)

7)
7

5)

Concentration in mg/1 (meq/1)

MCO3

590
(9.

244
(4.

151
(v,

2300
(39)

3300
(54)

4000
(66)

4500
(74)

0o’
(51)

7000"

6)

0}

1)

(llO)_

150
(2.

160
(2.

110
(1

170
(2.

5)

6)

.8)

8)

S0

2200
(46)

280
(5.9)

260
(5.4)

2800
(59)

9400
(200)

1800
{37)

1800
(36)

11000
(220)

11000
(220)

24
(0.5)

260
(5.4)

6
(0.1)

kij]
(0.8)

4

34

22

47




Tabl= VIi-2. Continyed.

Water Spegific Concentration in mg/) {meq/1)
Sauple Teuy. Conductance 108 U e T e——— T —— L .
Nunber Nawe g5y Lucatiun e (..mho/cm) (mg/1) il La My Na K Cl MCO3 ‘ SO4 SI-J‘_}
255 Queedup Spr iy, 20 940 o 6.0 )z 61 27 24 28 560 220 18
4S 38¢ 32ddby (8.3) (5.0) (1.2) (0.6) (0.8) (9.2) (4.6)
- 256 Steambogat Springsl 3] tluo 890 6.1 130 (1] 26 6.7 0 530 120 20
9S 4i1¢ 10dda$ (6.4) (5.0) (1.1) (0.2) (0.0) (8.7) (2.5)
H-1 Elkhorn Hyt SPring 20 385 335 6.6 30 10 14 0 5 186 7 =%}
4N 40t 23Cad; (1.5) (u.8) (0.6) (0) (0.1) (3) (0.1)
H-2 Hawley waym Shring 16 350 ULy 3 10 10 0 4 188 5 o
4N 40 25bbds i (1.8) (0.y) (0.4) (0) (0.1) (3.1) {0.1)
H-3 Heise Hot Sprmqs X} 6500 7667 6.1y 81 1448 204 2294 2125 723 i
4N 40t 25ddas (33.7) (6.7) (65.2) (5.2) (64.9) (34‘8) (15.!)
H-6 Unnamed SPrateyg o Biven Crep 23 6450 547 7.0 71 19 44 0 42 271 Si du
3N g 32bbyy, (3.4) (1.0) (1.9) (0) (1.2) (4.9) (1.1
o H-7 Dyer Wel] 21 530 LR 25 B 13 50 3 61 188 1 68
— 2N 39¢ 2lbces (2.5) (1.1) (2.2) (0.1) (1.7) (3.1) {0)
H-8 Andurson Well 20 520 467 7.7 50 10 45 7 45 199 0 1
2N 39 29bacs (2.5) (0.8) {2.0) (0.2) (1.3) (3.3) (0)
H-9 Fall Creek Minera) Spring 24 7800 5416 6.2 473 100 1058 118 185] 1473 327 15
IN 43¢ 9cbbls (23.6) (8.2) {46) (3) (52.2) (24.]) (6.8)
H-10 Fall Creek Mineryg] Sprinu 23 6750 4961 6.2 44 48 1065 108 1650 1272 329 17
IN 438 9chpps (21.5) (7.2) (46.3) (2.8) (46.5) (20.4) (6.4)
H-16 Unnamed Spring un Kook Creek 21 10500 9229 6.6 g 19 2843 40 876 2416 2858 62
1S 40 dabes (5.5) (1.6) (123.1) (1) (24.7} (39.5) (59.5)
: H-20 'Hdr‘m Sprinq_ 17 600 576 7.2 128 27 0 0 ] 163 233 &
25 44E 9ggacs (6.4) (2.2) (0) (0) (0) (2.7) (4.9)
H-23 Brackman Hot Spring 35 8750 7562 6.6 186 33 2044 38 553 2255 2413 )
25 42¢ 26dcds (9.3) (2.7) (88.9) (1) (15.6) (37) (50.2) .
H-26 Auburn Hot Springs 57 8000 5760 6.4 g4 76 1327 162 1737 822 996 6
33N Nigy 23dbys (25.4 (6.3) (57.7) (4.!) (49) (14.5) (20.7)
H-27 Johnson Springys 54 8100 6310 6.4 454 45 1494 176 1947 973 1129 84
33N gy 26a.4$ (22.7) (3.7) (65) (4.5) (54.9) (15.9) {23.5)
M-} Sink Hole 19 804 6.8 147 29 3 29 504 33 3l
4S 41E 320 (7.3, (2.4) (1.2) (0.1) (0.8) (8.3) (0.7)
® d o
PY ®
®
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Table VI-2. Continued.
Water Specific

Sample Temp. Conductance

Number Name and Location ( (vmho/cm)

M-2 North Woodall 17 1640
7S 42t 27¢as

M-7 Swan lake #1 (Lakey Res.) 16 1020
9S 43t 29¢cS )

M-9 lone Tree 26 1570
65 42E 6abS

M-10 Henry Warm #) 15 a/0
65 42E 9acS -

M-11 Henry Warm #2 n 1410
6S 42E 9bcS

M-12 Warm Spring 23 1510
65 42t 8dbS

M-14 tittle Blackfoot River 15 940
65 42E 15basS

8-1 Corral Creek Well 40 4900
6S 41E 19bbd

B-3 Thermal Gradient Well 15 2400
85 40t 26dbc

B-4 Gem Valley Spring #2 16 2400
8S 40E 26dcbS

B-7 Soda Springs Geyser 29 an25
9S 41E 12ada

B-13 Pescadero Warm Spring : 23 1475
11S 43E 36bdas

B-17 Unnamed Spring 18 775
12S 41E 3labcS

B-25 Bear Lake Hot Spring #) 40 2250
155 44F 13cca$S

B-28 Gentile Valley Spring #1 22 1825
115 40E 5aaas

B-30 Gentile Valley Spring #3 30

11S 40E 8dddS

DS

(ma/1)

1701

1089

1506

URY |

1429

1485

4694

1380

666

1625

1698

930

()..

0.

6.

6.

6.

6.

Ca
382
(19.1)

220
()
314
(5.7

174
(R.9)

244
(1a.2)

217
(13.8)

200
(10)

745
(31.2)

345
(17.2)

361
(18)

926
(46.2)

194
(9.7)

94
(4.7

230
(11.5)

239
{(1.9)

132
(6.6)

My
19
(4.0)

36
(3)

19
(1.2)

4
(2.1}

14
(3.0)

47
(3.9)

33
(2.7}

244
(?0.1)

118
(9.7)

120
(9.9)

150
(12.4)

46
(3.8)

28
(2.3)

41
(3.4)

47
(3.9)

38
(3.1)

Lancentration in g/l (meq/1)

Na

(0.

(n.1)

26
(r.n

16
25
(r.n

22
M

"
{0.5)

53
(2.3)

26
(r.m

28
(1.2)

(0.1)

70
(3)

37
(1.6)

155
(6.7)

92
(4)

54
(2.3)

K

L04)

0.
(0.

IR

3

222

{n.

N
o)

H)

L06)

(5.

12

(0.

12

(0.

18

(0.

13

(2.

(0.

18
(1

34

~9

3)

3)

5)

07)

.2)

(0.

9)

.07)

c!
R}
(0.

3
(0.

J6
(n.

lei
(0.

32
(0.

20
(0.

13
(0.

39
(

2
(0.

13

(0.

3
(0.

74
(2.

30
(0.
72
(2)
78
(2.

43
(1.

HCU}

1182
n7)  (19.4)

751
1) (1..3)

9RY

7) (1. 2)
6

1) (10.2)
870

49) (11.3)
994

6) (16.3)
674

4) (1.1)
3016

1) (49.5)
1529

07) (25.1)
1529

4) (26.1)
2778

08) (45.6)
749

1) (12.3)
439

9) (7.2)
263

(4.3)
1086

2) (17.8)
594

2) (9.7)

S0

43
m

57
(1.2)

75
(1.5)

an
{m

145
(3)

84
(1r.7)

4?2
(n.9)

915
(19)

147
(3.1)

153
(3.2)

77
(16)

215
(4.5)

26
(0.5)

769
(16)

104
(2.2)

40
(0.8)

S0,

31

19

1

A0

25

4]

46

V7

43

26




Water Specific Concentration in mg/1 (meq/))

Sample Tewp.  Condud tanci 08 Comee TR s e e e omee

Humber Name and lLocation °C (mho/om (mg/1})  pH (a Mg Na K Cl HCO3 SO 51'02

b-31 Ben Meek Well 40 lya 1349 7.4 23 5 348 20 321 526 5 90
145 39€ 36ada (1.2) (0.4) (15.1) (0.9) (9.1) (8.6) (0.1)

8-32 Orvil Rallison Well 15 155 374 7.6 42 18 20 7 3l 199 14 43
16S 40€ l16cac (2.1) (1.5) {0.9) (0.2) (0.9) (3.3) (0.3)

S-1 Unnamed on Wolverine Creck 1y 30 500 6.4 85 21 3 3 5 268 102 15
25 38t 11bbcS (4.2) (1.7) (0.1) (0.1) (0.1) (4.9) (2.1)

$-2 Blacktoot River Warm Spriny 28 4600 1915 .4 T 224 164 201 72 2371 1148 33
55 40L 14bcedS (33.9) (18.4) (7.1) (5.1) (2) (38.9) (23.9)

$-3 Unnamud on Blackfoot River 18 qus1 6.3 6o 312 149 182 64 2287 1171 17
5S 40E 15bacs (33.3)  (25.7) (6.5) (4.7) (1.8) (37.5) (24.4)

S-4 Portneuf River Warm Spring 41 2200 184y v.3 275 43 85 60 53 1060 259 47

o 7S 38E 26cbdS (13.7) (3.9) (3.7) (1.5) (2.4) (17.4) (5.4)
8 S-5 Lava Hot Spring 43 1590 1179 6.7 103 29 176 37 179 528 91 35

9S 36t 21ddaS (5.1) (2.4) (7.7) (0.9) (5) (8.9) {1.9)

S-6 Downata Hot Spring 43 450 392 7.1 6l 15 26 3 22 211 26 28
125 37€ 12ccdS (2.7) (1.2) (1.1) (0.1) (0.6) (3.5) (0.5)

S-7 Hound Valley Warm Spring 34 3100 2441 L.l 353 52 267 5] 309 1106 278 24
125 40E 13dcdS (17.0) (4.3) - (1i.6) (1.3) (8.7) (18.1) (5.4)

S-8 Cleveland Warm Springs 55° 3600 2554 0.2 2hy 41 444 90 574 565 517 62
125 41E 3lcacs (12.4) (3.4) (19.3) (2.3) (16.2) (9.3) (10.8)

S-9 Unnamed near Cleveland 21 750 619 v,/ 82 25 32 5 27 410 23 15
12S 41E 31bads (4.1) (2.1) (1.4) (0.1) (0.8) (7.7) (0.5)

S-10 Treasureton Warm Spring 40 4550 3179 6.4 330 48 542 110 626 726 734 54
125 40E 36acdS (10.48) (3.9) (23.6) (2.8) (17.7) (11.9) (15.3)

S-1 Maple Grove Hot Spring 75 3000 2377 6.3 132 24 550 N 586 466 282 66
135 41E 7aca$ (6.6) (1.8) (23.9) {1.8) (16.5) (7.6) {5.9)

S-12 Unnamed nedr Maple Grove Y3 3150 2107 h.9 82 22 499 77 585 454 323 64
135 41€ 7dabs (4.1) (1.8) {21.7) (2) (16.5) (7.4) (6.7)

S-13 Battle Creek {Wayland) H. S. 77 16550 9581 6.5 179 16 2985 493 5092 631 39 90
15S 39t 8bdcS (4.9) (1.3)  (129.8) (12.6) (143.6) (11.2) (0.8)

S-14 Squaw Hut Spring Well 82 24800 13167 6.9 261 21 3996 694 7291 725 35 139
188 39¢ l7bdc {13) (.7y (3.8 (1.7 (205.7) (11.9) (0.7)

& . ~ .
() N i ® ® L J

Table VI-2. Continued
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Table VI-2. Continued.
HWater Specific Concentration in mg/1 (meq/1)
Sample Temp. Conductance DS . et i e
Number Name and Location G (umho/cm) (mg/1)  pH “Ca Mq Na 4 Cl I|CO3 SO4 5i()2
-1 Yandell Springs ) 32 950 714 7.1 150 35 22 7.2 29 240 330 32
35S 37 31dbbS (7.5%) (2.9) (1) (n.?2) (0.8) (3.8) (6.9)
I-2 Alkali Warm Springs 3 1529 1040 6.6 210 68 34 37 i7 640 340 34
A4S 380 28dddS (10.5) (%.6) (1.9) 1) {0.5) (10.2) (7.1)
1-4 Shoal Subdiv. Well 26 973 93 39 176 25 228 425 156 RH
59 34L 26dba (4.6) (3.2) (?.7) (0.7) {6.4) (6.8) (3.2)
1-% Dean Morris Well 22 349 200 7.2 44 9.2 13 1.9 24 143 13 i3l
95 360 3cdb , (2.2)  (0.®) (0.6) (0) (0.7 (2.3) (0.3)
| i-6 indian Springs 32 1099 599 7.5 76 19 110 10 220 254 ‘19 20
‘ 85 31E 18dabS (3.8)  (1.8) (4.8)  (0.3) (6.7) (4.1) {0.4)
-7 Rockland Warm Spring 38 109 575 7.6 92 33 62 14 : 250 160 23 22
10S 30E€ 13cdcS (4.6) (2.7) (2.7) (0.4) (7) (2.6) (0.5)
ro :
_?_: 1-8 C & Y Ranch Wel) 29 655 . 432 7.6 26 7.2 100 90 230 14 78
115 27€ Sbab (1.3) (0.6) (4.4) (2.5) (3.7) (0.3)
I-9 6-S Ranch Well 60 " 574 372 7.7 8.2 0.5 110 3.9 55 125 59 60
11S 25E 1lcca (0.4) (0) (4.8) (0.1) (1.5) (2.6) (1.2)
-1 Ward Warm Spring 21 217 176 8.7 34 0.6 14 3 25 92 9.5 45
135S 26E 17ccdS ' (1.7) (0) (0.6) (0.1) (0.7) (1.5) (0.2)
I-12 Malad Warm Spring 24 7589 4345 6.5 240 79 1200 210 2100 958 25 19
145 36C 27cdas ‘ (12) (6.5) (52.2) (5.5) (58.8) (15.3) (0.5)
1-13 Pleasantville Warm Spring 25 2187 1217 6.8 110 33 280 29 470 Kk 110 21
15S 35E 3aab$s (5.5) (2.7)‘ (12.2) (0.8) (13.2) (5.3) (2.3)
1-14 M. Fonnesbeck Well 23 889 566 6.8 78 27 68 18 9} 418 4.3 7.4
155 39t 7dbcS (3.9) (2.2) (3) (0.5) (2.5) (6.7) (0)
I-15 E. Bingham Well 63 27999 14103 6.2 320 36 4600 770 7800 930 48 68
16S 38E 24abcS (16) (3) (200.1) (20) (218.4) (14.9) (1)
1-16 Woodruff Warm Spring 27 5369 3084 7.3 130 45 910 87 1600 454 58 29
16S 36E 10bbcS (6.4) (3.7) (39.6) (2.3) (44.8) (7.4) (1.2)
1-17 Robert Brown Well 41 1170 706 7.7 70 25 150 21 87 478 95 20
SS 34E 26dab (3.5) (2) (6.5) (0.5) (2.4) (7.6) (2)
1-18 Kent Warm Spriﬁg 24 479 292 6.7 56 19 15 43 35 226 18 33
125 34E 36bcbS (2.8)  (1.6) 0.1y (1) (1) (3.6) (0.4)
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Table

Sample
Number

R-2
R-3
R-4

R-5

W-2 .
W-3
W-4
u-1
u-2
u-3

U-4

VI-2. Continued
Water
Temp.
Name and Location “C
Green éanyon {(Pincock) W. S. 44
SN 43E 6bcas
Alpine Warm Spring 37
25 46E 19cadS
KKGE -1 138
155 26t 23caa
RRGE -2 139
1558 26t 23ada
RRGE-3 147
155 26t 25bdc
RRGP- 58 130
158 26 22dda
RRGI-6 122
155 26E 25ada
8ig Fall Creek Warm Spring 16
28N 115W 20dca$
Granite Hot Spriny 4)
39N 113W 6dabS*
Astoria Warm Spring 37
39N V16W 32daaS
Bayles Hill Warm Spriny 30
4IN 117W 36caas
Crystal Hot Springs 56
1IN 2W 39dadS
Cutler Warm Spring 23
13N 2W 27dbd
Morning Glory Pool 51
13N 3W 25acb
Bemont Ward Well 15.5
138 3W 35dda
Blue Springs 28
13N S5W 29
© e ®

Specific
Conductance
(wnho/cm)

850
10499

2987

2357

11594

712

1uso

1950

2380

54000

/0

15000

2390

3410

105

(my, 1)

00

6615

14/

1330

3oz

1070

6107

670

I1e0

2480

43500

sleu

15000

1560

2010

pH

6.8

Ca

140
(7.

560
(27.

199
110
(s.

32
(1.

170
(8.

430
(2

1530
(41~

84

(4.

220
()

66
(3.

56
(2.

0)

9)

.b)

. 3)

.5)

.9)

5)

6)

.5)

4)

3)

8)

(18.9)

43
(3.5)

70

(5.8)

35
(2.9)

24
(2)

Concentration in mg/1 (meq/1)

Na K cl
3 3.6 1.7
(0.2)  (0.1) (0)
1500 180 2800
(65.3) (4.6) (79}
469 33 709
(20.4) (0.9) (19.9)
33 3 701
(14.4)  (0.8) (19.86)
1245 103 2116
(54.2) (2.7) (49.2)
179 34 5.
(7.8) {0.9) (16.5)
2020 32 3636
(87.9) (0.8)  (101.8)
4 1 4
(0.2) (0) (0.1)
180 8.6 140 -
(7.8) (0.2) (3.9)
120 13 97
(5.2) (0.3) (2.7)
28 13 3.9
(r.2) (0.3) (0.1)
15000 790 26000
(652.5) (20.2) (733.4)
620 22 1600
(27) (0.6) (28.2)
2900 120 4800
(126.2)  (3.1) (135.4)
440 28 470
(19.1)  (0.7) (13.2)
636 22 895
(27.7)  (0.6) (25.2)

HCO3

170
(2.7)

880
(14.4)

34
(0.6)

42
(0.7)

26
(0.4)

40
(0.6)

62
m

160
(2.6)

200
(3.3)

300
(4.9)

160
(2.6)

479
(7.1)

320
(5.1)

360

(5.8)

485
(7.8)

329
(5.3)

SO4

330
(6.

1000
(20.

40
(0.

29
(0.

44
(0.

40
(0.

60
(1.
260
(5.
150
(3.
520
(0.

1600
(33.

480
(10)

9)

8)

8)

3)

25
40
134
ISS
158
136
91
13

49

32
17
29

47
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Table VI-2. Continued
Sample
Number Name and Location
u-6 R. W. Tolman Well
15N 6W 34ccc
u-7 Chas Taylor Well
12N 1E 16ddd
U-8 Cache Valley Wel)
13N 1E 33aca
u-9 D. J. Gancheff Well
14N IW 33aca
u-10 Coyote Spring
14N 10W 33bccS
u-n Ethyl Taylor Well
15N 9W 3tabc
U-12 Peter Mayo Well

]Spring emerges in Soda Point Reservoir.

15N 10W 36hbb

Water
Tomp.

21

31.

Specific
Conductance
(ymho/cm)

1610 _
534
1480
7230
5500

626

5n2

Watar sample is probably mixed

¢
™ms

{mq/1)  pH
o o
336 7.
789 6.
43R0 7
5990 7
626 7
321 7
, mised with

4
.*E;A
9 60
(3)
4 56
(2.8)
! 42
(°.1)
60132
(6.6)
.6 a7
{4.3)
B 70
(3.5)
.4 59
(2.9)

e by

B )

Concentration in mg/1 (meq/1)

®
T
-'hg ANa
25 247
(2) (10.7)
26 3
(z.1) (1.4)
36 204
(3 (8.9)
46 1400
(3.8) (r0.9)
19 100
(1.6) (46.5)
17 3
(1.4) (1.3)
17 18
(1.4) (0.8)

K

0
(0)

surface water from the reservoir.

C}

375

(0.

12

(0.

342

(9.

2280

{64.

1620

(45.

99

(2.

51
0

HCO

259

(4.

37

(5.

286
{4

548

(8.

352

(5.

181

(2.

198

(3.

?)

.6)

8)

6)

9)

2)

(0.8)

16
(0.3)

1.2
(0)

7
(1.5)

70
(1.5)

20
(0.4)

23
(0.5)

63

56




Table VI-3. Physical characteristics of thermal spring and well sites in the study area.

Estimated
Sample i Date Tep. Elevation Discharge
Number Name and Locdtiun Sampled °C (meters) (1/s) Site Description
AQ-1 26-1 Cook 12/01/77 46 1842 . Upper Trigssic Dinwoody formation.
SN 44t 26ba
2497'-2584* interval
AQ-2 26-1 Cook 12/01/17 4y 1842 - Lower Triassic Dinwoody formation.
SN 44t 26ba
2962'-2997" interval
AQ-3 26-1 Cook Y2/0i1/717 70 1842 - Mississippian Lodyepole formation.
SN 44F 26ba
4210°-4230* interval
AY-4 Black Mountain Federas!l al a/13/17 65 2523 - Contact between Triassic Dinwoudy and Permian Phosphoria
35S 45E 36cc formations.
13,550'-13,703" interval
AQ-5 2-1 King 6/00/78 116 203) - Jurassic Gypsum Springs (lower Twin Creek) formation.
N 25 41E 2bc
o) 8550'-8660' interval
~
AQ-6 2-1 King 6/00/78 160 2031 - Triassic basal Thaynes.
25 41E 2bc
11,375'-11,519* interval
AQ-7 2-1 King 8/00/78 249 2031 - Permeian upper Phosphoria formation.
2S 41E 2bc
12,830'-12,884" interval
AQ-8 North Eden Felderal 21-11 Y6780 g2 2139 - Overturned Iriassic Thaynes formation.
16S 45E 2laa
8214*-8469" interval
AQ-9 Jensen ’ 1/25/78 74 1823 - Permeain-Pennsylvanian Wells formation.
135 44€ 22cc
10,900'-10,931" interval
251 0. J. Neeley Well 9/07/81 22 1749 - Pliocene rhyolite pear the edge of the Moody Creek Caldera coiplex
7N 43E 30ccc on northeast trending fault.
252 Walz Warm Spring 9/07/81 35 1894 9.2 Plivcene rhyolite on northwest trending Warm Creek fault.
5N 43t 7acS
253 Stinking Spring 9/07/81 20 1754 (.05 lertiary rhyolite.
3N 41E 10bbbS
254 Taylor Nd"lﬂ_SPril;<J 9/05/81 21 1874 35 Colluvium underiain by Wells formation or Mission Canyon |imestone.
3N 44E 7baas The trace of the Jucksun Thrust is very close as is an intereed
normal fault.
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Table VI-3. Continued.
Sample
Number Name and Location
255 Queedup Springs
4S5 3AE 32ddbS
256 Steamboat Springs
95 31€ 10ddaS
-1 Elkhorn Hot Spring
4N 400 23cadS
H-2 Hawley Warm Spring
AN 40E 25bbdS
H-3 Heise ot Springs
4N 40F 25ddasS
-6 Unnamed Spring on Birch Creek
IN 31E 32bbdS
H-7 Dyer Well
2N 39E 2lbccS
H-8 Anderson Well
2N 39E 29bacS
H-9 Fall Creck Mineral Spring
IN 43E 9cbbls
H-10 Fall Creek Mineral Spring
IN 43E 9cbb2S
H-16 Unnamed Spring on Rock Creek
1S 40E 4abcS
H-20 Warm Spring
2S 44E 9aacS
H-23 Brockman Hot Spring
2S 42E 26dcdS
H-26 Auburn Hot Springs
33N 119W 23dbdS
H-27 Johnson Springs
33N 119W 26adS
M-1 Sink Hole

4S5 41E 32bbS

Date temp.
Sampled “C
10/02/81 20

9/29/81 !
7/31/80 on
7/31/70 16
6/18/R0 ay
6/18/80 23
7/21/80 21
7/21/80 20
8/05/80 24
8/05/80 23
7/22/80 21
7/23/80 17
6/27/80 35
7/25/80 57
7/25/80 54
19

Clevation
(meters)

s
1757
1580
thin
1H16
1707
1537
1524
1658
1658
1699
2182
1908
1853
1853

1890

tstimated
lrischarge

(/%)

42

6.3

4.4

13
3.8
2.5
0.01

292

Py

Site Description

pPermian-Pennsylvanian Wells formation.
Basalt overlying Ordovician and upper Cambrian rocks in an area of
mmerous extensionl faults. Cmerges in Soda Point Reservoir,

Rhyalite tuff near Heise fault.
Revburg Catdera Complex.

Gpring is associated with the
Saes as ahove,

Tertiary silicic volranics, avsnciated with the Heise fault and a
nor theast trending fanlt.

Rhyolitic Spring Creck tuff near a large northeast trending fault,
Well produces from broken rhyolite near a northeast trending fault,
Similar to above.

Mission Canyon )imestone, associated with the Swan Valley fault.

Springs are depositing travertine.

Same as above
Ephraim conglomerate associated with a minor fault.
Twin Creek limestone-Nugget sandstone contact (= Gypsum Springs),

near axis of northwest trending anticline.

Peterson or Bechler formation in an arca of complex folding and
minor faulting.

Dinwoody formation at intersection of Hemmert and Freedom faults.
Spring is depositing travertine and free sulfur,

Paleozoic sedimentary rocks.
and is depositing travertine.

Spring issues from ilemmert fault

Wells formation along [noch Valley fault.
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Téb]e VI-3. Continued.

tstimated

Sample Date Temp . flevation Uischarye

Number Name and Location Samp led “C (meters) (1/s) Site Description

M-2 North Woodall 17 1900 28 Wells formation alony an extension fault in the Aspen Range.
7S 42E 27ca$s

M-7 Swan Lake #1 (Lakey Res.) 16 1890 85 Same as above.
95 43E 29¢cS

M-9 Lone Tree 26 1870 3 Flows from Slug Valley(?) fault.
6S 42E 6abS

M-10 Henry Warm #1 15 1867 88 Flows from intersection of Slug Valley and Henry faults. s
6S 42t 9ac$ depositing travertine.

M-11 Heary Waerm §2 20 1870 55 Same as above.
6S 42E 9bcS

M-12 Warm Spring 23 1880 14 Same as above.
6S 42E 8dbS

M-14 Little Blackfoot River 15 1883 57 Wells formation along axis of Wooley Valley anticline.
6S 42E 15bas

8-1 Corral Creek Well 40 1884 1.2 Wells-Phosphoria contact in a highly faulted area. This spring
6S 41E 19bbd produces large amounts of gas, probably COz.

B-3 Thermal Gradient Well 15 1707 1.4 Garden City limestone (Ordovician) along East Gem Valley gsaben
8S 40E 26dbc fault.

B-4 Gem Valley Spring #2 16 1722 22 Quaternary basalt-Garden City contact nedr ubove.
85 40E 26dcbS

8-7 Soda Springs Geyser 29 1770 0.1 Occurs aluny o north trending fracture trace. The well is rapidly
95 41E )2ada depositing travertine and is a large CO2 producer.

B-13 Pescadero Warm Spriny 23 1820 0.6 Triassic Thaynes formation overlain by travertine.
11S 43t 36bdas

B-17 Unnamed Spring 18 1540 - Cambrian Blacksmith(?) limestone overlain by travertine.
125 41E 3labcsS

B-25 Bear lake Hot Spring #1 40 1810 - Mississippian Lodyepole limestone along East Bear River Valley
155 44E 1i3cca$ graben fault.

B-28 Gentile Valley Spring #1 22 1510 140 Ordovician Garden City limestone overlain by alluvium.
11S 40E S5aaa$

B-30 Gentile Valley Spring #3 3 1520 45 Cambrian Blacksmith(?) 1imestone overlain by alluvium.
11S 40E 8ddds
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Table VI-3. Continu=d.
fstimated

Sample Date Temp. Elevation Nischarye

Number Name and Location Sampled “C {meters) (1/s)

B-31 Ben Meek Well 40 1380
145 39E 36ada

8-32 Orvil Rallison MWell 15 1370
165 40F 16cac

S-1 Unnamed on-Wolverine Creek 7/24/60 18 1554 7
25 3Rt 11hbceS

S-2 Blackfnot River Warm Spring 7/11/80 4 1874 0.1
5S 40L 14bcdS

5-3 Unnamed on Blackfoot River 7/05/80 1R 11394
55 40t 15bacS

5-4 Portneuf River Warm Spring 6/21/80 a 163/ 28
7S 38E 26cbdS

S-5 Lava Hot Spring 6/27/80 43 1508
9S 38t 21ddas

S-6 Downata Hot Spring 7/21/80 43 1477 k]!
1258 37€ 12ccdS

S-7 Mound Valley Warm Spring 7/14/80 34 1530 0.01
125 40E 13dcdS

S-8 Cleveland Warm Springs 7/15/80 55 1520
125 41 3icacS

S-9 Unnamed near Cleveland 7/14/80 2) 1510 30
125 41t 31badS

S-10 Treasureton Warm Spring 7/14/80 40 1510 0.2
125 40E 36acdS

s-1 Maple Grove Hot Spring 7/14/80 75 1500 2
135 41E 7acas

S-12 Unnamed near Maple Grove 7/16/80 62 1520 ' 1
135 41E 7dabs

S-13 Battle Creek (Wayland) H. S. 7/24/80 77 1383 57
155 39¢ 8bdcS

S-14 Squaw Hot Spring Well 7/21/8G 82 1380 1.9

155 39L 17bdc

P 3

e ;‘n-:\'d]

Site Description

Possihle intersection of Mink Creek lineament and inferved north-
west trending extension faults.

Alluvium overlying Cambrian rocks near Cub River lineament.

Mississippian Mission Canyon )imestone. The area is intensely

faulted and folded.
Triassic Thaynes(?) overlain by basalt. This spring has depasited
large amounts of travertine.

Same as ahove. This “spring" was not flowing, but was deqassing.
It has deposited a large travertine mound.

Basalt and colluvium over Garden City(?) limestone. This spring

is evolving considerahle gas. Smells of HZS.

Ordovician Swan Peak quartzite near the intersection of north and
west trending faults.

Tertiary sediments overlain by alldvium. The spring is associated
with an east-west trending lineament.

Large travertine mound overlying alluvium and probably Cambrian
rocks at depth. This spring was not flowing at 9/81.

Travertine over alluvium over Cambrian(?) rocks.

Extensive travertine underlain by Cambrian rocks. The avea is

extensively faulted.

Same as above.

Cambrian Brigham quartzite.
spring is depositing tufa.

The area is extensively faulted. The
Same as above.
Spring emerges near inferred intersection of the Clifton Hill

faults and the Mink Creek lineament.

Same as above,
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Sample Date Tengs. Elevatio S harie
Number Name and Location Sampled "L {meter ) (1:s) Site Description
[-1 Yandell Springs 8/18/17 3 1514 RE) Hells turmation(?).
35 37¢ 31dbbs
-2 Alkali Warm Springs 8/18/17 34 1734 0.6 Wells forwation.,
4$ 38E 28dddS '
|4 Shoal Subdiv. Well 6/20/79 U 1391 - Quaternary loess near Snuke Flain boundary fault.
55 34L 26dba
1-4 Dean Murris Well 8/07/16 2L
95 3ot 3cdd
l-b Indian Springs 1/27712 34 136y Falcocuic limestone alongy northwest trending fault.
85 31E 18dabS
- RockTand Warm Spring 1/21/172 $0s ldue - Alluviwn over Permian-Pennsylvanian Oquirrh rormation in Cenozuic
10S 30t 13cdcS yraben.
N
~d i-8 C & Y Ranch Well 9/00/66 29 1342 48 Alluvium and basalt over Tertiary sediments in a Cenozoic graben,
— 11S 27E Sbab .
I-9 6-S Ranch Well 7/26/72 60 1415 68 Precambrian fractured quartzite near north trending fault.
I-1 Ward Warm Spring 8/08/75 21 1532 0.3 Tertiary rhyolite(?) near east trending fault zone.
135 26 17ccdS : .
I-12 Malad Warm Spring 5/16/72 it 1415 - Flow. trom alluyium and travertine near grabun buundary.
14S 36E 27c¢das
I-13 Pleasantville Warm Spriny 5/10/72 4 1362 40 Saie d$ above.
155 35¢ 3aab$
I-14 M. Fonnesbeck Well 9/03/73 b3 1390 6Y Stmilar to S-14
188 39E 7dbcS
[-15 E. Bingham Well 8/24/17 [*B] 1414 37
16S 38E 24abcS
1-16 Woodruff Warm Spring S/11772 & 1354 - Same ds 1-12 and |-13
165 36L 10bbes
1-17 Kobert Brown Well 1721112 41 1390 n Sdime as [-4
5S 34t 2o6dab
I-18 Kent Harm Spring 5/12/72 24 1608 12 Upper Paleozoic rocks.
125 34£ 36bcbS
p

Tabl2 VI-3. Continued.
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Table VI-3. Continued.

Sample
Number

1-19

W-3
W-4
u-1
u-2
u-3
y-4
u-5
UiG
u-7

-8

Name and Location

Green Canyod (Pincock) W. S.
SN 43E 6bca$s

Alpine Warm Spring
2S 46F 19cadS

~
Raft River Geothermal Wells
195 26F 23can, 23aaa, 25hde,
22dda, 25ada

Big Fall Creck Warm Spring

~ 28N 115W 20dcas

Granite Hot Springs
JON T13W 6dabs*

Astoria Warm Spring
39N 116W 32daaS

Boyles Hill Warm Spring
41N 117W 36caa$

Crystal Hot Springs
1IN 2W 39dadS

Cutler Warm Spring
13N 2W 27dbd

Morning Glory Pool
13N 3W 23acb

Belmont Ward Well
13N 3W 35dda

Blue Springs
13N 5w 29 )

R. W. Tolman Well
15N 6W 34ccc

Chas Taylor Well .
12N 1E 16ddd

Cache Valley Well
13N 1E 33aca

Date
Sampled

8/09/72

9/27/77

10/07/76

/22776

9/22/76

9/23/76

10/27/51

2/02/68

9/08/7

8/25/64

7/07/70

7/07/70

4/17/68

7/09/57

Foemp .

"C

44

37

1207

14/

Ih

41

51

16

21

22

21

Elevation
(mnters)

1846

1649

1508

. 2569
2166
1eng
1940
1375
1385
1346
1360
1353
1631
1369

1369

Fstimated
Discharge
(1/s)

170

3.2
101

0.6

10

295

2.3

4.7

Site Description

Tertiary rhyoiitp near edge of Moody Creek Caldera and Warm Creek
fault. -

Issues under Palisades Reservoir near northwest trending grahen
boundary fault (Swan Valley foult). Other discharge vents were
reported to be as hot an 65°C,

Tertiory Salt Vake sediwents averlying Precambrian gneiss complox,
Hells are nemy the intevsection of two fault rones.

Lower Triassic Dinwoody formation within the Cabin Creck over-

thrust.

Fractured Cambrian Death Canyon formation near contact with Flat
Head formation and perhaps in contact with underlying qranites.

Mississippian Mission Canyon limestone near crest of north
trending anticline at a regional topographic low for the formation

Cambrian Gallatin l}mestone near Jackson thrust fault.
Issues from alluvium about 2.4 km from the Wasatch fault.
Issues from Palcozoic limestone about 1.6 km from the Wasatch

fault.

Paleozoic limestone near a buried, north-trending fault along the
Malad River Valley.
Similar to above.

Permian-Pennsylvanian Oquirrh formation,

Alluviuwm.

Tertiary rocks, undifferentiated.




€Le

Table VI-3. Continued.

Estimated
Sample Vate Temp. Elevation Discharge
Number Name and Location Sampled C {neters) (1/s) Site Description
u-9 D. J. Gancheff Well 1712768 31 1392 - Alluvium nesr Dayton fault zone.
14N W 33aca
u-10 Coyote Spring - 5/28/68 43 1354 1.3 Pleistocene basalt overlying upper Paleozoic rocks. An intrusive
14N 10W 33bccS body is inferred at depth.
u-11 Ethyl Taylor Well 9/00/69 lb 1415 145 Same as above.
15N 9W 3labe
u-12 Peter Mayo Well ' 5/24/56 17 1415 135 Same as above.

15N 10W 36bbb
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spring deposits, or because information was not included In
the reports summarized on this table. Spring dlscharges
noted in this table were obtalned by varlous methods, but

are often estimatec.

Comparablilty of Water Quallty Daia

Many of the thermal occurrences sampled by tThis project
had been previously sampled by IDWR. in additlon, sampling
by this project occiurred over two field seasons Involving
different personnei anc different analytical technliques. In
order to assure The comparibillity of these data, a
statistical comparison was done using the General Llpear
Models (GLM) compufer program developed by SAS (SAS
Institute, Inc., 1679). This program compares the varlances
of the values obtzined for a glven analysis as done by
different agenclies. Variances are compared by the F

statlstic:

where:

the variance within the set of values obtained

for a glven analysis as done by Agency 1, and

s z the corresponding varlance for the analysls as

done by Agency 2 (0tt, 1977).

274




Prlor

to performing this test the concentration va|uyes were

converted to thejr log value |np order +o Smooth +the

difference between values. Concenfraflons of Zero

(undetectable) were changed to One to avold an undefined

Operation (log 0). The data were then standardizegq

according to the formula:

where:

X - x
7 =% - X
s

Z = the standardized variable,

X = the original value,

X = the mean for that variabje, and

S = the standard deviation of the variable

(Hunfsberger and Blllingsley, 1977)

In this GLM test, the nul| hypothesis (H ) states +that

the variance of a particular analysis for a Given
constituent as done by Agency 1 (I1DWR) équals the varliance
of the same analysis as done by Agency 2 (this project, 1980,

hypo